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PREFACE. 


Tats Boox is written with the object of supplying the student with 
directions for the microscopical examination of the tissues. At the 
same time it is intended to serve as an Elementary Textbook of 
Histology, comprising all the essential facts of the science, but omit- 
ting unimportant details, the discussion of which is only calculated to 
confuse the learner. For a similar reason references to authorities 
have also been omitted. Most of the illustrations are taken from the 
second volume of Quain’s Anatomy, ninth edition, where their author- 
ship will be found acknowledged. Of the remainder, those which 
have been selected from other authors are duly indicated; the rest 
have either been drawn expressly for this work, or have been trans- 


ferred to it from the author’s ‘ Course of Practical Histology.’ 


For conveniently accompanying the work of a class of medical 
students, the book is divided into forty-two lessons. Eaeh of these 
may be supposed to occupy a class from one to three hours, according 
to the extent to which the preparations are made beforehand by the 
teacher or are prepared during the lesson by the students. A few of 
the preparations—e.g. some of those of the sense-organs—cannot well 
be made in a class, but it has been thought advisable not to injure the 
completeness of the work by omitting mention of them. 


vi . PREFACE 


Only those methods are recommended upon which long experience 
has proved that full dependence can be placed, but the directions given 
are for the most part capable of easy verbal modification in accordance 


with the ideas or experience of different teachers. 


For other processes and more minute details than could suitably 
be given here the student is referred to manuals which are devoted to 
practical work, such as the ‘ Practical Physiology’ of Prof. Foster and 
Mr. Langley, the ‘Practical Histology’ of Prof. Rutherford, the 
‘Textbook of Practical Histology’ of Prof. Stirling, and the authovr’s 


‘Course of Practical Histology.’ 
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THE ESSENTIALS OF HISTOLOGY. 


INTRODUCTORY. 


ENUMERATION OF THE TISSUES AND THE GENERAL 
STRUCTURE OF ANIMAL CELLS. 


Animal Histology ' is the science which treats of the minute struc- 
ture of the tissues and organs of the animal body; it is studied with 
the aid of the microscope, and is therefore also termed Microscopical 
Anatomy. 

Iivery part or organ of the body, when separated into minute frag- 
ments, or when examined in thin slices (sections), is found to consist of 
certain textures or tissues, which differ in their arrangement in different 
organs, but each of which exhibits characteristic structural features, _ 

The following is a list of the principal tissues which compose the 
body :— 

1. Epithelial. 
Areolar 
Fibrous 
| Klastic 
2. Connective 4 Adipose 
| Lymphoid 
ae 
Bone 
{ Voluntary 
8. Muscular Involuntary or plain 
[Cardiac 
4, Nervous. 


Some organs are formed of several of the above tissues, others 
contain only one or two. 

Tt is convenient to include such fluids as the blood and lymph 
amongst the tissues, because they are studied in the same manner and 
eontain cellular elements similar to those met with in some of the 
other tissues. 

The elements which compose the tissues are of the nature either 


} From lorés, a web or texture. 
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of fibres or cells. Some tissues are composed almost entirely of fibres 
with relatively few cells interspersed amongst the fibres; this is the 
case with most of the connective tissues. Others are composed entirely 
of cells, which, however, may in some cases be prolonged so as to form 
fibres; but these are different from the fibres of the connective tissues 
in being formed directly from the cells of the tissue, whereas the fibres 
of the connective tissues are formed between the cells in an intercellular 
substance. Tissues which arc entirely composed of cells are the epithe- 

«lial tissues, whilst nefvous and muscular tissue are formed of cells 
which are partly or wholly extended so as to form fibres. 

Cells.—In the early embryo the whole body is an agglomeration 
of cells. These are minute portions of living substance or protoplasm, 
enclosing a vesicle which is known as the nucleus. The tissues are 
subsequently formed either by changes which occur in the intercellular 
substance, or by changes in the cells themselves; frequently by both 
these processos combined. The cells which are least altered from 
their embryonic condition are the white corpuscles of the blood, and 
these may be regarded therefore as typical cells. 

The protoplasm of a cell (fig. 1, ») is composed of a soft albuminous 
substance, which is characterised in typical cells by possessing the 
property of spontaneous movement. When the cell is unenclosed by a 
membrane & change in the shape, or even in the position of the cell, 
may be thereby produced (amceboid movement). e protoplasm 
often contains granules of various kinds or droplets Of watery fluid 
(vacuoles) ; the latter may be present in sufficient abundance to impart 
a reticular or sponge-like structure to the protoplasm. In some cells 
the protopjasm has a striated or fibrillar structure. 

The nucleus of the cell (fig. 1, 7) is a minute vesicle embedded in 
the protoplasm. It is bounded by a membrane which encloses a clear 

substance (nuclear matrix), and the whole of 
this substance is generally pervaded by an 
irregular network of fibres, some coarser, 
othors finer (intranuclear network, n'), This 
intranuclear network often exhibits one or 
more enlargements, which are known as 
the nucleolt. The fibres within the nucleus 
have been observed to undergo spontaneous 

) changes of form and arrangement, but this 

Fig 1.—Dtackam or A CELT. begomes much more evident when the cell 
Den a. males wath int is about to divide. The division of the proto- 
Tuclear network, n,andnucleo- plasm is always preceded by that of the 
nucleus, and the intranuclear fibres undergo 

during its division a series of remarkable changes in arrangement 
and position, which are known collectively by the term karyomttosis 
(karyokinesis). These changes may best be studied in the division 
of epithelium-cells (see Lesson VI.), but exactly similar phenomena 
have been shown to occur in cells belonging to the other tissues. In 
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some cases it may be observed that the filaments of the intranuclear 
network are made up of fine juxtaposed particles, arranged either in a 
single or a double row. 

All the embryonic cells are formed from the division of the ovwm 
or egg-cell, which divides first into two cells, these again into two, and 
soon until a large number of cells (embryonic colls) are produced. 
Eventually these resultant cells arrange themselves in the form of a 
membrane (blastoderm) which is composed of three layers. These 
ayers are known respectively as tho ectoderm or epiblast, the meso- 
derm or mesoblast, and the entoderm or hypoblast. The ectoderm 
gives rise to most of the epithelial tissues and the tissues of the nervous 
system; the entoderm to the epithelium of the alimentary canal 
(except the mouth), and the glands in connection with it; and the 
mesoderm to the connective and muscular tissues. 

The histogenetical rclation between the three layers of the blasto- 
derm and the several tissues and organs of the body is exhibited in the 
following table :— 


The epithelium of the skin or epidermis, and its appondages, 
viz., the hairs, nails, sebaceous and sweat glands. 

The epithelium of the mouth, and of the salivary and other 
glands which open into the mouth. The enamel of the 
tecth. The gustatory organs. 

The epithelium of the nasal passages, and the cavitics and glands 

~ which open into them. 

Epblast Tho epithelium covering the front of the eye. The crystalline 

lens. The retina. 
Tho epithelium lining the membranous labyrinth of the ear. 
The epithelium lining the central canal of the spmal cord and 
the fourth, third, and lateral ventricles of the brain. 


Ectoderm 


The tissues of the nervous system. 
The pituitary body. The pineal gland. 


The connectivo tissues. 
The blood and lymph corpuscles, 
The epithelial lining of the heart, blood-vessels, lymphatics, and 
serous mombranes. 
Mesoderm | The epithelium of the uriniferous tubules (in part). 
or The epithelium of the generative organs, and the generative pro- 
Mesoblast duets in both sexes. 
The muscular tissues, voluntary, involuntary and cardiac (except 
the muscular fibres of the sweat glands, which are epiblastic 


In origin). 
(The spleen and other lymphatic and vascular glands. 

Tho epithelium of the alimentary canal (from the pharynx to 
the lower ond of the rectum) and all the glands which open 
into it (including the liver and pancreas). 

The epithelium of the Eustachian tube and cavity of the tym- 


Entoderm panum. 
or Tho epithelium of the larynx, trachea, and bronchi, and of all 
Hypoblast . a rainifications. The epitholium of the pulmonary 
veoli. 


The epithelium of the thyroid body. Part of the thymus gland. 
The epithelium of the urinary bladder and ureters, and of part 
of the uriniferous tubules. 
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LESSON I. 


USE OF THE MICROSCOPE. EXAMINATION OF 
COMMON OBJECTS. 
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Fig. 2.—DraGram or Microscort. 


Tne roquisites for practical Histology 
are a good compound microscope mag- 
nifying from about 50 to 400 linear; slips 
of glass technically known as ‘slides,’ 
upon which the preparations are made; 
small pieces of thin glass used as covers 
for the preparations; a few simple instru- 
ments, such as a razor, a scalpel, scissors, 
tine-pointed forceps, and needles mounted 
in wooden handles; and a set of fluid re- 
agents for mounting and staining micro- 
scopic preparations.’ A skotch-book and 
pencil are also requisite, and must be con- 
stantly employed. 

Examine the microge spe (fig. 2). It 
consists of a tube (¢ ¢t’) ha the two systems 
of lenses, one at the upper end termed 
the ‘ eye-piece’ or ‘ ocular’ (oc), tho other, 
at the lower end, termed the ‘ objective’ 
(0b7). There should be at least two 
objectives - a low power, working at about 
4 inch from the object, and a high power, 
having a focal distance of about 3 inch. 
The focus is obtained by cautiously bring- 
ing the tube and lensos down towards the 
object by the coarse adjustment, which is 
either a telescopic or a rack-and-pinion 
movement (adj), and focussing exactly by 
the fine adjustment, which is always a 
finely cut screw (adj’). 

The stago (st) upon which the prepa- 
rations are placed for examination, the 
mirror (m) which serves to reflect the light 
up through the central aperture in the 
stage and along tho tube of the instrument, 
and the diaphragin (d) below the stage 
which serves to regulate the amount of 
light thus thrown up, are all parts the 
employment of which is readily under- 
stood. 

It is convenient to begin the study of 
histology by the examination of the blood, 


1 The directions for making the principal fluids used in histological work will 


be found in the Appendix. 
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but before doing this the student should endeavour to famuliarise himself 
with the use of the microscope, and at the same time learn to recognise some 
of the chief objects which are liable to occur accidentally in microscopic 
specimens. On this account it has been considered dosuable to introduce 





Fig. 8.~-OnG ANIC MATIIRS TREQUENILY ERESENT IN Dust. (Heitzmann.) 


8, fibres of silk; C, of cotton ; Z, of linen, W, of wool, 7, feathur, Sf, starch granules, 
cork, Q, spores of mildcw, Af, mycelium or threads of mildew, Afe, micrococca, B, bac- 


teria; Z/, leptotinix filaments (500 diameters). 


directions for the examination of starch-granules, air-bubbles, linen, cotton, 
and woollen fibres, and the usual constituents of the dust of a room, into the 


first practical leson. 
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1. Examination of starch-granules. Gently scrape the cut surface of a 
potato with the point of a knife; shake the starch-granules 50 obtained into 
ft at of water upon a clean slide and apply a cover-glass. 

ith the low power the starch-granules look like dark specks differing 
considerably in size; under the high power they are clear, flat, ovoid particles 
(fig. 8, 9¢), with a sharp outline when exactly focussed. Notice the shane in 
appearance of the outline as the microscope is focussed up or down. On close 
examination fine concentric lines are to be seen in the granules arranged 
around a minute spot which is generally placed eccentrically near the smaller 
end of the granule. Sketgh two or three starch-granules. ¢ 

Notice the appearance of air-bubbles in the water. If comparatively 
large they are clear in the middle, with a broad dark border due to refraction 
of the light ; if small they may look entirely dark. 


2. Examine fibres of linen and of cotton in water, using a high power. 
Compare the well-defined, relatively coarse, striated, and slightly twisted linen- 
fn the longer, finer, and more twisted cotton-fibres. Sketch one of each 

n 1] 


8. Mount two or threo hairs from the head in water and look at thom, 
first with the low, then with the high power. Examine also some fibres 
from any woollen material and compare them with the hairs. They have 
the same structure, although the wool is finer and is curled; its structure 
may be partly obscured by the dye. Draw one or two woollen fibres. 


4, Examine some dust of the room in water with a high power. In 
addition to numerous groups of black particles of carbon (soot) thero will 
probably be seen fibres of linen, cotton, or wool, and she \ epithelium-cells 
derived from the epidermis. 


5. Prepare a scale to serve for measuring objects under the microscope. To 
do this put & stage-micrometer (which is a glass slide ruled in the centre, with 
the lines ,}, and ;}, millimeter apart) under the microscope in such a manner 
that the lines run from left to right (the microscope must not be inclined). 
Focus them exactly. Put a piece of white card on the tablo at the right of 
the microscope. Look through the instrument with the left eye, keeping the 
right eye open. The lines of the micrometer will appear projected upon the 
paper. Mark their apparent distance with pencil upon the card, and after- 
wards make a scale of lines in ink the same interval apart. A magnified repre- 
sentation is thus obtained of the micrometer scale. Mark upon it the number 
of the eye-piece and of the objective, and the length of the pete tube. 
This scale-card will serve for the measurement of any object without the 
farther use of the micrometer. ‘To measure an object, place the scale-card 
upon the table to the right of the microscope and view the object with the 
left eye, keeping the right eye open. The object appears projected upon 
the scale, and its size in }, or ;i, of a millimeter can be read off. It is 
important that the same objective and eye-piece should be employed as were 
ail making the scale, and that the mnicruscope tube should be of the samo 
ength. 


LESSON II. 
: STUDY OF THE HUMAN BLOOD-QORPUSCLES. 


1. Havine cleaned a slide and cover-glass, prick the finger and mount ao 
sniall drop of blood quickly, so that it has time neither to dry nor to coagulate. 
Examine it at once with the high power. 

Note (a) the coloured corpuscles, mostly in rouleaux and clumps, but some 
lying apart seen flat or in profile; (%) the colourless corpuscles, casily mace 
out if the cover-glass is touched by a needle, on account of their tendency to 
stick to the glass, whilst the coloured corpuscles are driven past by the cnr- 
rents set up; (c) in the clear spaces, fibrin filaments and elementary particles 
or blood-tablets. 

Sketch a roll of coloured corpuscles and one or two colourless corpuscles. 
Count the number of colourless corpuscles in a field of the microscope. 


2, To be made like 1, but the drop of blood is to be mixed upon the slide 
with an equal amount of 0°6 per cent salt sulution, so that the red corpuscles 
tend to be less massed together, and their pecuhar shape is better displayed. 

Sketch a red corpuscle seen on the flat and another in profile (or 
optical section). Also a crenated corpuscle, 

Measure ten red corpuscles, and from the results ascertain the average 
diameter of a corpuscle. 


8. Make a preparation of blood as in § 1 and put it on one side to coagu- 
late. After fifteen munutes allow a drop of a solution of borax-carmine ' to 
run under the cover-glass. This decolorises the red corpuscles, but staing 
the nuclei of the white corpuscles and brings the network of fibrin filaments 
and the elementary particles clearly into view (fig. 7). After a drop of gly- 
cerine has been allowed to diffuse into the fluid the cover-glass may bo 
cemented with gold-size and the preparation labelled and kept, 


4, Enumeration of the blood-corpuscles. This is readily effected by the 
hemacytometer of Gowers. This instrument consists of a glass slide (fig. 4, ¢), 
the centre of which is ruled into }; nuilimeter squares and surrounded by a 
glass ring 7 mm. thick. It is provided with measuring pipettes (4 and B), a 
vessel (p) for mixing the blood with a saline solution (sulphate of soda of sp. 
gr. 1015), glass stirrer (E) and guarded needle (F). 

‘The mode of proceeding is extremely simple. 995 cubic millimeters of 
the saline solution are placed in the mixing jar; 5 cubic millimeters of blood 
are then drawn from a puncture in the finger and blown into the solution. 
The two fluids are well mixed by the stirrer and a small drop of this dilution is 
placed in the centre of the cell, the cover-glasa yently laid on (60 as to touch 
the drop, which thus forms a layor } mm. thick between the slide and cover- 
glass) and pressed down by two brass springs. In a few minutes the cor- 

uscles have sunk to the bottom of the layer of fluid and rest on the squares. ¢ 
he number in ten squares is then counted, and this, multiplied by 10,00@9 
gives the number in a cubic millimeter of blood.’ 


1 See Appendix. 
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Fic 5—HtMaAN B100b AS SHEN ON 1HE WARM Fic 6—HuMAN RFD CORPUS- 


STAGE. (Maguihed about 1 200 di meters.) (TKS LYING SINGLY AND COL- 

9,7, single red corpuscles secn lying flat, 7’, 7/, red cor 1LCS¥D INTOROLLS (Asseen 

puscles on their edge and vicwed m profile, 7/ red unde: an ordinary hngh power 
corpuscles arranged 1n roulcaux, ¢,¢, cLeuate red ¢or of the microscope ) 


puscies, g, o finely granular pale corpuscle yg, & 
coarsely granular pale corpuscle Both have two or 
three distinct vacuoles, and were undergoing changes 
of shapeat the moment of observation , in g, anucleus 
also is visib ¢ 
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The coloured blood-corpuscles.—Under the microscope the blood is 
seen to consist ofa clear fluid (plasma), in which are suspended the bload- 
corpuscles (fig. 5). The latter are of two kinds: the red or coloured 
(r, r'), which are by far the most numerous, and the white, pale, or 
colourless (p, g), which from their occurrence in the lymph are also 
known as lymph-corpuscles. When seen singly the coloured corpuscles 
are not distinctly red, but appear of a reddish-yellow tinge. In the 
dlood of man and of all other mammals, except the Camelide, they 
are biconcave circular disks. heir central p&rt usually has a slightly 
shaded aspect, under the ordinary high power (fig. 6,1), but this is due 
to their biconcave shape, not to the presence of a nuclous. They have 
a strong tendency to become aggregated into rouleanx and clumps when 
the blood is at rest, but if it is disturbed they readily become separated. 

If the density of the plasma is increased in any way, as by evapo- 
ration, many of the red corpuscles become shrunken or crenated (c). 

The average diametor of the human red corpuscles is 0°:077 iuilli- 
meter (about ,1,, mch).! 

There are from four to five millions of coloured corpuscles in a cubic 
millimeter of blood. 

The colourless corpuscles of human blood are a little larger than 
the coloured, measuring 0°01 mm. (,,),, inch) in diameter. They 
are far fewer, numbering not more than ten thousand in a cubic 
millimeter. Moroover they are 


specifically lighter, and tend to a ph 227 Vey 
come to the surface of the prepara. A <i k ie a 
tion. If examined soon after the ye sy er 
blood is drawn, they are usually aa 
spheroidal in shape, but they soon 

become irregular (fig. 5, p, g), and Se 
their outline continually altcrs, ‘ op 0 Ore ton 


: 0 (0488 
owing to the ameba-like changes » Soon e 
of form to which they are subject. — — 
Some of the colourless corpuscles : 

Tic. 7.—FIBRIN rILAMLNIS AND BLAOD- 
are very pale and finely granular, ree 
others contain coarser and more 4 | network of fibrin, shown after washing away 
distinct granules in their proto- the corpuseles fiom a preparation of blood that 


r has bcen allowed to clot, many of the filaments 
plasm. The protoplasm nay Blgo rudive from sinall elumpa ot blood-tablets, 


contain clear spaces or vacuoles, fury yarholes or blood-tablets, within a stall 
and a reticular structure is described Yt" 
in it by some histologists. Each pale corpuscle has one or more 
nuclei, which are difficult to see without the aid of reagents. 

In the clear fluid in which the corpuscles are suspended, a network 
of fine straight intercrossing filaments (fibrin) soon makes its ap- 


pearance (fig. 7). There are also to be seen a certain number of 
’ The following list gives the diameter in paits of a mullimeter of the red blood- 


corpuscles of some of the common domestic animals :—Dog, 0°0073 ; rabbit, 00069 ; 
cat, 0°0065 ; sheep, 0°0050; goat, 0°0041. 
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minute round colourless discoid particles, either separate or collected 
into groups or masses, which may be of considerable size. These are 
the elementary particles or blood-tablets. Their meaning is not known. 
Fatty particles may also occur in the plasma. 

Development of blood-corpuscles.—In the embryo, the first-formed 
coloured blood-corpuscles are amoeboid nucleated cells, the protoplasm 





Fic, 8.—DEVELOPMENT OF BLOOD-VESSELS AND BLOUD-CORPUSCLES IN THE VASCULAR 
AREA 0} THE GUIAFA-PIG, 


bi, b'ood-corpusc'es becoming free in the interior of a nucleated prowplasmio mass. 


of which contains hemoglobin. These embryonic blood-corpuscles 
are developed within cells of the mesoderm, which unite with one 
another so as to form a protoplasmic network (fig. 8). The nuclei 
then multiply, and around some of them there occurs an aggregation 
of coloured protoplasm. Next the branched cells become hollowed 





Fig. 9.—BLoop CORPUSCLES DEVELOPING WITHIN CONNECTIVE-TISSUE CELLS. 


A, a cell containing diffused hemoglobin; h’, globular masses of coloured substance in the 
eines dong within which also are numerous vacuoles; 4’, a cell filled with coloured 
g/9 ules, 


out by an accumulation of fluid in their protoplasm so as to form a 
network of blood-vessels, and then the coloured nucleated portions 
of protoplasm are set free within them as the embryonic blood- 
corpuscles (fig. 8, 51), 


DEVELOPMENT OF THE BLOOD-CORPUSCLES il 


_ In later embryonic life, and after birth, nucleated coloured cor- 
puscles are no longer present in mammalian blood, but are replaced 
by the usual discoid corpuscles. These are formed within certain cells 
of the connective tissue, a portion of the protoplasm of the cell becom- 
ing coloured by hemoglobin, and separated into globular particles 
(fig. 9, h, h’, h’’), which are gradually moulded into disk-shaped red 
corpuscles. In the meantime the cells become hollowed out, and join 
with similar neighbouring cells to form blood-vessels (fig. 10, a, 3, ¢). 
The process is therefore the same as beforo, except that the cell-nuclei 
do not participate in it. 





Fig, 10 —FURTHEE DEVELOPMENT OF BLOUD-CORPUSCLES IN CONNEC TIVE-L198UE CELLS, 
AND TRANSFORMATION OF THE LATTER IN10 CAPILLARY BLOUD-VLSSELS. 


a,an clongated cell with a cavity in its protoplasm occupicd by fluid and by b ood-corpus- 
cles mostly globular; b,a hollow cell the nucleus of which has multip ud. The new 
nuclei are arranged around the wall of the cavity, the corpmseles in which have now 
become discoid; ¢ shows the mode of union of a ‘hemapoi tie’ cell, which in this in- 
stance containg only one corpuscle, with the prolongation (6/) of a previously existing 
veysel, a, and c, from the new-born rat; b, from a foetal sheep. 

Although no nucleated coloured corpuscles are to be seen in the 
blood in post-embryonic life, they continue to be found in the marrow 
of the bones (see Lesson XIII.), and it is thought probable that the 
red disks may be formed in some way from these. Others have sup- 
posed that the red disks are derived from the white corpuscles of the 
blood and lymph, and others again that they are developed from the 
blood-tablets; but the evidence in favour of these views is insufficient. 

The white blood-corpuscles and lymph-corpuscles occur originally 
as free unaltered embryonic cells, which have found their way into the 
vessels from the circumjacent tissues. Later they become formed in 
lymphatic glands and other organs composed of lymphoid tissue, and 
pass from these directly into the lymphatics and so into the blood. 
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LESSON Iii. 


ACTION OF REAGENTS UPON THE HUMAN BLOOD.- 
CORPUSCLES. 


1. Make a preparation of blood as in Lesson II, 1, and apply a drop of 
water at one edge of the cover-glass. Examine at a place where the two 
fluids are becoming mixed. Notice particularly the first effect of water upon 
both red and white corpuscles, as well as the ultimate action. 

Sketch both kinds of corpuscles under the action of water. 


2. Repeat on another preparation, using very dilute alkali (0-2 per cent. 
potash in salt sulution) instead of water. Notice the complete solution first 
of the white and then of tho coloured corpuscles ag the alkali reaches them. 


8. Repeat on another preparation, using dilute acetic acid (1 por cent.). 
Observe that the effoct of the acid upon the coloured corpuscles 1s similar to 
that of water, but that it has a different action upon the colourless corpuscles. 

Sketch two or three of the latter after the action is completed. 


4. Mako a preparation of blood mixed with salt solution as in Lesson II. 2, 
and investigate the action of tannic acid (2 per cont. solu ign) in the same 


ay. 
Sketch two or three coloured corpuscles after the action is complete. 


The action of reagents upon the human red blood-corpuscles shows 
that, although to all appearance homogeneous, they in reality consist 
of an intimate mtermiature of the colour- 
a 6 e de ing matter or haemoglobin with certain 
g ) $ © C) other substances (globulin, lecithin, cho 
lesterin), which are left as the colourless 
stroma, on dissolving out the hemo- 
f a5 I C» globin, or on causing its discharge by 
: any means from thé corpuscle. This 
pieeaes ; eee tea soparation of the hemoglobin from the 
’ 8 1) | 
tm d corpurcle 7, effect of aitutiotl of Stroma can be effected by water (fig ~il, 
ae ey ene Sits a~c) and also by dilute acids, by the 
action of heat (60° C.), the freezing and thawing of blood, the vapour 
of chloroform, and the passage .of electric shocks through blood.! 
‘In the blood of some animals crystals of hmmoglobin readily form after 
its piteheas! by any of these means from the red corpuscles. These crys- 
tals are rhombic prisms in most animals, but tetrahedra in the guinea-pig, and 
hexagonal plates in the squirrel. They are most appropriately studied along 
with the chemical and physical properties of blood, and are therefore omitted 
here. The same remark applies to the minute dark-brown rhombic crystals 
(kemin), which are formed when dried blood is heated with glacial acetic acid, 


and to the reddish-yellow crystals of hematotdin, which are found in old blood 
extravasations, 
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The mixing of human blood with the blood or serum of various animals 
also has a simular action, probably owing to differences of density or 
alkalinity. Tannic acid produces a peculiar effect (fig. 11, g); the 
hemoglobin is discharged from the stroma, but is immediately altered 
and precipitated, remaining adherent to the stroma in the form of a 
round or irregular globule of a brownish tinge (hmmatin). 

The structure of the colourless corpuscles is also brought out by 
the action of these reagents. As the water reaches them their ama- 
boid movements cease; thoy become swollen @ut into a globular form 
by imbibition of fluid (fig. 12, 1), and the granules within the proto- 


1 ee, 


e 


Fic, 12. 


1, first effect of the action of water uponn white blood corpuscle ; 2, 3, white corpnscles 
treated with dilute acetic acid; n, nucleus, 





plasm can be seen to be in active Brownian motion. Their nuclei 
also become clear and globular, and are more conspicuous than before. 
With the further action of the water, the corpuscle bursts and the 
granules are set free. 

Acids have an entirely different action upon the white corpuscles, 
Their nuclei become somewhat shrunken and very distinct (fig. 12, 
2 and 3), and a granular precipitate is formed in the protoplasm around 
the nucleus. At the same time, a part of the protoplasm generally 
swells out so as to form a clear bleb-like expansion (an appearance 
which often accompanies the death of the corpuscle from other 
causes). 
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LESSON IV. 
STUDY OF THE BLOOD-CORPUSCLES OF AMPHIBIA. 


® e 
1. Mount o drop of newt’s blood obtained from the ent end of the tail. 
Ixamine with the high powor. Notice tho shape of the coloured corpuscles, 
both when seen flat and edgeways, and the nucleus within each. 

Measure ten corpusclos, and from the rosults obtain the average dimen- 
sions of the newt’s blood-corpuscle. 

Notice also the colourless corpuscles, smiallor than the red, but consider- 
ably larger than tho pale corpuscles of human blood, although otherwise re- 
sembling these. 

Skotch two or three red corpuscles and as many white. 

Be careful not to nustake the liberated nuclei of crushed red corpuscles 
for pale corpuscles. 

‘normous cells and nuclei belonging to the cutaneous glands as well as 
the granular secretion of those glands may be prosent in this preparation. 


2. Apply a drop of water to the edgo of the cover-glass of the same pre- 
paration and notice its action re the corpuscles. 
Sketch two or threc corpuscles altered by the action of th > water. 


§ 


8. Mount another drop of blood, and apply dilute acetic acid (1 per cent.) 
instoad of water at the edge of the cover-glass. Muke sketches showing the 
effect of the acid upon both rod and white corpuscles, 


4, Examine the corpuscles of newt’s blood which has been allowed to 
flow into boracic acid solution (2 per cont.). Notice the effect produccd upon 
the coloured corpuscles. Sketch ono or two. 


The coloured blood-corpuscles of amphibia (fig. 13), as well as of most 
vertebrates below mammals, are biconvex elliptical disks, considerably 
larger than the biconcave circular disks of mammals.! In addition to 
the coloured body of the corpuscle, which consists, as in mammals, of 
hamoglobin and stroma, there is a colourless nucleus, also of an ellip- 
tical shape, but easily becoming globular, especially if liberated by any 
means from the corpuscle, The nucleus resembles that of other cells 
in structure, being bounded by a membrane, and having a network of 
filaments travorsing its interior (fig. 14). It is not very distinct in 
the unaltered corpuscle, but is brought clearly into view by the action 


' The following aro the dimensions in parts of a millimeter of some of the 
corpuscles of oviparous vertebrates ; — 


Long diameter shart diameter 
Pigeon .  .wetwe:SsC 0:0065 
Frog . ‘ : j . 0°0228 00157 
Newt. ; ” ; . 08-0293 0°0195 
Proteus. : : . 0°058 0°035 


Amphiuma ; . 0077 0-046 
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of reagents, especially acetic acid. The action of reagents upon the 
red corpuscle of amphibia is otherwise similar to that produced upon 
the mammalian corpuscle, water and acetic acid causing it to swell 
into a globular form and then to become decolorised ; solution of salt 
causing a shrinking of the corpuscle, and so on. Boracic acid acts 
like tannic acid in causing the hemoglobin to be withdrawn from the 
stroma; but it becomes partially or wholly collected around the 
gucleus, which may then be extruded from the corpuscle. 





Fie, 14.—CeoLourep 
CORPUSCER OF A> 
LAMANDER, SHOW-= 
ING INERANUCTEAR 
Nerwork. (Ilem- 
ming.) 





Fic. 13.—FRoa’s Buoop. (Ranvier.) 


a, red corpuscle seen on the fiat; ©, vacuoles in a cor 
puscle, 5, ¢, red corpuscles in profile; n, pale cor 
prsele at rest; m, pale corpuscle, exhibiting amceboid 
movements , p, coloured fusiform corpuscle, 


The colourless corpuscles (fig. 18, k, m, 7), although larger, are 
very similar to those of mammals. Like them, they are of two kinds 
—either wholly pale or enclosing a number of dark granules. They 
vary much in size and in the activity of their ameboid movements. 
They may have one or several nuelei. Roagents have the same effect 
upon them as on those of mammals. 
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LESSON V. 


THE AM@BOID PHENOMENA OF THE COLOURLESS 
—pLOOD-CORPUSCLES. 


1. MaxeE a preparation of blood from the finger in the usual way. Draw 
a brush just moistened with oil around the edge of the cover-glass to check 
evaporation. Place the preparation upon a ‘warm stage,’ and heat this to 
about the temperature of the body (88° C). Bring a white corpuscle under 
observation with the high power, and watch the changes of shape which: it 
undergoes. ‘T'o become convinced of these alterations in form, make a series 
of outline sketches of the same corpuscle at intervals of a minute. 

The simplest form of ‘ warm stage’ isa thin copper plato of about the size 
of an ordinary slide, perforated in the contre and with along tongue of the same 
metal projecting from the middle of one edge (fig. 15). The copper plate is 
firmly cementod with sealing-wax to a glass slide which rests upon the stage 


Ua" 


rf | 


il 





Fig. 15.—SiMmPLE WARMING APPARATUS, C(OMPLETL, SHOWN IN OPKRATION, 


of the microscope. The preparation, which should be made upon a rather 
thin slip of glass, is put on to the warm stuge and pressed into contact with 
it by the brass clips. Heat is applied to the copper tongue by a small spirit- 
lamp flame, and a greater or less amount is conducted to the warm stage 
and the superjacent preparation according to the point to which the flame is 
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applied. To ascertain that the right temperature is got and maintained, put 
two pieces of paraffin, one melting at 85° C. (05° F.) and another pt 88° C. 
(100° F.), on the slide, one on either side of the Pepereniee The tempera- 
ture must be such that the first piece is molted and remains so whilst the 
second remains solid.’ 


2. Mount » drop of newt’s blood diluted with an equal amount of salt 
solution, and examine it in the same manne: upon the copper stage; the 
temperature must, however, be kept below 30° C, Observe the effect of heat 
ig accelerating the amceboid movements of the pale corpuscles. Sketch one 
at intervals of a minute (a) in the cold, (b) whilst Warmed. 


_ §. Examine some yeast which has been mixed with salt solution. Observe 
the yeast-cells or torule, some of them budding. Sketch two or three. 

Now mix a little ofthe yeast and salt solution with a fresh drop of newt's 
blood, oiling the edge of the cover-glass as before. Endeavour to observe the 
inception of torule by the white corpuscles. Sketch one or two corpuscles 
containing torule. 

Milk-globules or particles of carbon or of vermilion may also be used for 
this experiment, but the process of inception is most readily observed with 
the yeast particles. 


4, At the commencement of the lesson collect a drop of newt’s blood into 
a fine capillary tube, seal the ends of the tube, and mount it in a drop of oil 
of cloves. Towards the end of the lesson examine it again to see white cor- 
puscles emigrating from the shrunken clot (see fig. 16). 





Fig. 16.—WHITE CORPUSCLES OF FROGS BLOOD MIGRATED FROM 
CLOT WITHIN A CAPILLARY TUBE. 


-) For exact work, an apparatus somewhat more complex than the above is re- 
“Quixed. For description of such a onesee 4 Course of Practical Histology, pp. 22, 28, 
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The amesboid phenomena which are exhibited by the protoplasm of 
the colourless blood-corpuscles consist, in the first place, of spontansous 
changes of form, which when active may also produce changes in place 
or actual locomotion (migration) of the corpuscle ; and, secondly, of a 
tendency which it presents to enwrap and take into its substance 
foreign particles with which it may come in contact, and particles thus 
incepted may then be conveyed by the corpuscle in its locomotory 
changes from one placeto another. 

It is probable that particles of organic matter which are taken up 
by the pale corpuscles may undergo some slow process of intracellular 
digestion within their protoplasm. 

The processes of the granular corpuscles are generally quite clear 
at first, and the granules afterwards flow into them. 

The migration of the colourless corpuscles from the blood-vessels 
into the surrounding tissue, or from a blood-clot into the surrounding 
serum (fig. 16), 18 owing to these amoeboid properties. 

The conditions which are most favourable to this ameeboid activity 
of the white corpuscles are (1) the natural slightly alkaline medium, 
such as plasma, serum, or lymph, or, failing these, normal saline 
solution ; (2) the prevention of desiccation. Any increase of density 
of the medium produces a diminution of ameeboid activity, whilst, on 
the other hand, a slight decrease in its density has the opposite effect ; 
(8) a certain temperature. In warm-blooded animald@ fhe phenomena 
cease below about 10°C. When gradually warmed they become more 
and more active up to a certain point, the maximum being a few 
degrees above the natural temperature of the blood. Above this point 
they become spheroidal and their protoplasm is coagulated and killed. 
Acids at once kill the corpuscles and stop the movements. Narcotic 
gases and vapours, such as carbonic acid gas or chloroform vapour, 
also arrest the movement, but it recommences after a time if their 
action is discontinued. 
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LESSON VI. 
@ EPITHELIUM. ¢ 


1. Mount a drop of saliva and examine first with a low, afterwards with the 
high power. Observe the nucleated epithelium-cells, some single, and others 
still adhering together by overlapping edges. Measure three or four, and also 
their nuclei. Sketch one or two on the flat and one edgeways. Notice the 
salivary corpuscles, which are like white blood-corpuscles swollen out by 
imbibition of water. 


2. Put a small shred of human epidermis into a drop of strong caustic 
potash solution for one or two minutes. Then break it up in water with 
needles, cover and examine. Observe the now isolated swollen cells. 
Measure some. 


8. Study the arrangement of the cells in a section through some stratified 
epithelium, such as that of the mouth, skin, or cornea. The section may be 
pees beforehand by the demonstrator; it should be mounted in Canada 

alsam.’ Notice the changes in shape of the cells as they are traced towards 
the free surface. Measure the thickness of the epithelium. Count the 
number of layers of cells. 


4. Study the minute structure of epithelium-cells and their nuclei, both 
at rest and dividing, in the tail of the salamander-tadpole.*? This preparation 
may also advantageously be prepared beforehand by the demonstrator. 

The preparation is made as follows: The tail is placed in chromic acid 
solution (0°1 per cent.) for three days, then thoroughly washed for some hours 
in water to remove the excess of the acid, then placed in dilute hematoxylin 
solution for twenty-four hours, or in 1 p.c. safranin solution for a similar 
time. After having been again rinsed in water it is rapidly dehydrated 
in absolute alcohol, then transferred to spirits of turpentine, and finally 
mounted in Canada eemageed 

Sketch an epithelium-cell with resting nucleus, and others with nuclei in 
different phases of karyomitosis. 


An Epithelium is a tissuc composed entirely of cells separated by a 
very small amount of intercellular substance (cement substance), and 
generally arranged so as to form a membrane covering either an ex- 
ternal or an internal free surface. 

The structure of epithelium-cells, and the changes which they 
undergo in cell-division, are best seen in the epidermis of the tail of 
the salamander-tadpole, in which the cells and nuclei are much larger 
than in mammals. 

} The methods of preparing sections are given in the Appendix. 

* If these tadpoles are not obtainable, the structure may be studied in the 


idermis of the newt, prepared as recommended in Lesson VIL, § 1 for the study 
of colamnar epithelium, and also in sections stained with hematoxylin. 
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Structure of the cella —Each cell consists of protoplasm containing 

# nucleus. The protoplasm may be either clear or granular, or it may 

pave a reticulated appearance. In some kinds of epithelium. it is 
‘striated. The nucleus is a round or oval vesicle lying in the proto- 
plasm. Usually there is only one, but there may be two or more in a 
cell, In the resting condition (i.e. when not undergoing division) the 

nucleus is composed of a membrane enclosing a clear substance, which 

is traversed by a network of filaments (fig. 17, a). There may be ons 
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Fig, 17.—EprrugLtumM-CELLS OF SALAMANDER LARVA IN DIFFERENT PHASES 
OF DIVISION, 


~ 


or more globular enlargements (nwcleolz) on this network. The nucleus 
is stained more easily by dyes than the protoplasm; this staining 
affects chiefly the nucleoli, nuclear filaments, and membrane. 

ivision of the cells.—The division of a cell is preceded by the 
diyision of its nucleus. This, in dividing, passes through a series of 
‘remarkable changes (fig. 17), whieh may thus be briefly sammarised:-— 
. 1, The network of filaments of the resting nucleus becomes trans- 
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formed into a sort of skein, formed apparently of one long convoluted 
filarnent; the nuclear membrane and the nucleoli disappear or are 
merged into the skein (fig. 17, 8, ¢, a). 

2. The skein becomes arranged in the form of a rosette, the fila- 
ments loopimg in and out, to and from the centre (e). 

8. The outer loops of the rosette separate, so that the filament 
breaks into a number of V-shaped fibres arranged like a star (aster, 

pg, h.) _ 
, oe The V-shaped fibres separate into two groups, the ends of which 
for a time are interlocked (7, 7, &). 

5. The two groups pass to the opposite poles of the now elongated 
nucleus and form a star-shaped figure (J) at each pole (dyaster). Each 
of the stars represents a daughter nucleus. 

6, 7, 8. Each star of the dyaster goes through the same changes as 
the original nucleus, but in the reverse order—-viz. rosette (m), skein 
(n), and network (0, p, 7); passing finally into the condition of a typi- 
cal resting nucleus. The protoplasm of the cell divides soon after the 
formation of the dyaster (m). Sometimes fine lines may be seen in 
the protoplasm, during tle process of division, radiating from the poles 
of the nucleus, and others uniting the two daughter nuclei. 

Classification of epithelia.—Epithelia are classified according to 
the shape and arrangement of the component cells. Thus we speak 
of scaly or pavement, cubical, columnar, polyhedral, and spheroidal 
epithelium. All these are sumple epithelia, with the cells only one 
layer deep. If forming several superposed layers, the epithelium is 
said to be stratified, and then the shape of the cells differs in the dif- 
ferent layers. Where there are only three or four layers in a stratified 
epithelium, it is termed transitwonal. 

Stratified Epithelium covers the anterior surface of the cornea, 
lines the mouth, pharynx (lower part), and gullet, and forms the epi- 
dermis which covers the skin. In the female it lines the vagina and 





Fie, 18.—SEc1 ION OF THE STRATIFIED EP.PHELIUM COVERING THE FRONT OF 
THE CORNEA OF IIIK EYE, 


¢, lowermost columnar cells ; », polygonal cells above these , #, flattened cella near the surface. 


part of the uterus. The cells nearest the surface are always flattened 
and scale-like (fig. 18, fl; fig. 19), whereas the deeper cells are more 
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rounded or polyhedral, and those of the deepest layer generally some- 
what columnar in shape (fig. 18, c). Moreover, the deeper cells are 
soft and protoplasmic, and are separated from one another by a system 
of intercellular channels, which are bridged across by numerous pro- 
cesses passing from cell to cell. 

The deeper cells multiply by division, the newly formed cells tending 
as they enlarge to push those external to them nearer to the surface, 
from which they are gventually thrown off. As they approach the 
surface they become hard and horny, and in the case of the epidermis 
lose entirely their cellular appearance, which can, however, be in a 
measure restored by the action of potash (§ 2). The cast-off super- 
ficial cells of the stratified epithelium of the mouth, which are seen in 
abundance in the saliva (§ 1), are less altered, and the remains of a 
nucleus is still visible in them. 





Fic. 19.~—Epiragtiuv-sCALES FROM THE Fic, 20 — PAVEMENT-EPITHELIUM FROM 
INSIDE OF 1HK MOUTH. (Magnified 260 A SEROLS MEMBRANE, (Magnified 410 
diameters. ) diameters. ) 


a, cell; 4, nucleus; ¢, nucleoll, 


Simple scaly or pavement epithelium is found in the saccules of 
the lungs, in those of the mammary gland when inactive, in the kidney 
(in the tubes of Henle), and also lining the cavities of serous mem- 
branes (fig. 20), and the heart, blood-vessels, and lymphatics. When 
occurring on internal surfaces, such as those of the serous membranes, 
blood-vessels, and lymphatics, it is often spoken of as endothelium. 

Polyhedral or spheroidal epithelium is characteristic of many 
secreting glands; columnar and ciliated epithelium are for the most 
part found covering the inner surface of mucous membranes, which 
are membranes lining passages in communication with the exterior, 
such as the alimentary canal and the respiratory and generative 


The detailed study of most of these may be reserved until the 
organs in which they occur are respectively dealt with. 

The hairs and nails and the enaniel of the teeth are modified 
epithelial tissues. 
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LESSON VIL. 


COLUMNAR AND CILIATED EPITHELIUM, AND 
TRANSITIONAL EPITHELIUM. 


1. Taxe a piece of rabbit’s intestine which has been two days in chromic 
acid solution (1 part chromic acid to 2,000 normal salt solution). Scrape the 
inner surface with a scalpel, break up the scrapings in a drop of water on a 
slide. Add a small piece of hair to avoid crushing, and cover the preparation. 
Sketch one or two columnar cells and also a row of cells. Measure two or 
three cells and their nuclei. 

To keep this preparation, add a drop of dilute hematoxylin (1 drop of the 
ordinary solution to half a watch-glass-ful of distilled aeiet at one edge of the 
cover-glass. When the hematoxylin has passed in and has stained the cell- 
nuclei, place a drop of glycerine at the same edge, and allow it slowly to diffuse 
under the cover-glass. Cement this another day.? 


2. Break up in glycerine a shred of epithelium from a piece of frog's 
intestine that has been treated with osmic acid, and has subsequently 
macerated in water for a few days. The cells easily separate on tapping the 
cover-glass. They are larger than those of the rabbit and exhibit certain 
points of structure better. Measure and sketch one or two cells. 

The cover-glass may be at once fixed by gold size. 


8. Prepare the ciliated epithelium from a trachea that has been in 
bichromate of potash solution (} per cent.) for two days, in the same way as in 
§ 1. Measure in one or two of the cells (a) the length of the cell, (4) the 
length of the cilia, (c) the size of the nucleus. Sketch two or three cells. 

This preparation is to be stained and preserved as in § 1. 


4, Make a similar teased preparation of the epithelium of the urinary 
bladder. Observe the large flat superficial cells, and the pear-shaped cells 
of the second layer. Measure and akstsh one or two of each kind. 

Stain and preserve as in §§ 1 and 8. 


Columnar epithelium.—The cells of a columnar epithelium (fig. 21) 
are prismatic columns, which are set closely side by side, so that when 
seen from the surface a mosaic appearance is produced. They often 
taper somewhat towards their attached end, which is generally trun- 
cated, and set upon a basement membrane. ‘Their free surface is 
covered by a thick striated border (fig. 22, str), which may some- 
times become detached in teased preparations The protoplasm of 
the cell is highly vacuolated or reticular, and fine longitudinal strie 
may be seen in it, which appear continuous with the strie of the 


; : seeamen violet solution (see Appendix) may be employed instead of hama- 
oxylin. 
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free border. The nucleus (1) is oval and reticular. The lateral 
borders of the cells are often somewhat irregular or jagged, the 
result of the pressure of amceboid lymph-cells, which are generally 
found between the colunnar cells, at least im the intestine. After a 





Fic. 21.—A Row OF COLUMNAL CLITS EROW THI INTESTINE OF 1H RABBIT. 


Smalie: cells are seen bctween the cj 2thelaum cells prvbebhy of the nature of white blood or lymph 
corpuscles 


meal containing much fat the cells may be filled with fat-globules, 
which become stained blach in the osmuc preparation. 

Some of the columnar cells contam mucigen, which may greatly 
distend the pait of the cell nearest the stiiated border. When the 





Fig. 22 —Col uwNAR 1 PILHELIUM-CLLIS O1 1HE RABDBIL’S INITFSTIN}. 


The cells have been :solated after mac cration In very wouk chromic acid The cells are much 
vacuolated, and one of them has a fat-g ohule near its attached end, the striated 
border (st7) is well seen, and the bright disk separating 1t from the cell-proteplasm , 
nm, nucleus with wtranuclear network a, a thinned out wing ike projection of the cell 
which probably fitted between two adjuccnt cells 


mucigen is extruded as mucus, this border is thrown off, and the cell 
takes the form of an open cup or chalice (goblet-cell, fig. 28). 

Columnar epithelium-cells are found liming the whole of the interior 
of the stomach and intestines: they are also present in the ducts of 
most glands, and sometimes also in their secreting saccules. The epi- 
thelium which covers the ovary also has a modified columnar shape, 
but cells having all the structural peculiarities indicated above are 
found only in the alimentary canal and im its diverticula. 

Ciliated epithelium.—The cells of a ciliated epithelium are also 
usually columnar in shape (fig. 24), but in place of the striated border 
the cell is surmounted by a bunch of fine tapering filaments: — 
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during life, move spontaneously to and fro, and serve to produce a 
current of fluid over the surface which they cover. 

The cilia are to be regarded as active prolongations of the cell- 
protoplasm. The border upon which they are set 1s bright, and 
appears formed of little juxtaposed knobs, to cach of which a cilium is 
attached. In the large ciliated cells which line the alimentary canal 
of some molluscs (fig. 25) the mob may be observed to be prolonged 
into the protoplasm of the cell as a fine varicose filament, termed the 
rootlet of the cilium. These filaments may represent the longitudinal 
striz often seen in the protoplasm of the columnar cell, the bunch of 
cilia being homologous with the striated border. The protoplasm and 
nucleus have a similar vacuolated or reticular structure in both kinds 
of cell. Goblet cells may also occur in ciliated epitheha. 
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Tia, 24—CoLuMNAR CIII- Fig 25.~—-CiurATFD CLIT, 
4fkD SPITHELIUM-CKLLS FROM THK INLESSINE 


OF A MOLLLUM, 


Ciliated epithelium is found throughout the whole extent of the 
air-passages and their prolongations (but not the part of the nostrils 
supplied by the olfactory nezves, nor in the lower part of the pharynx) ; 
in the Fallopian tubes and the greater part of the uterus; in some of 
the efferent ducts of the testicle (where the cilia are much longer than 
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elsewhere in the body); in the ventricles of the brain, and the central 
canal of the spinal cord; and in the convoluted tubules of the kidney. 

Transitional epithelium is « stratified epithelium consisting of 
only two or three layers of cells. It occurs m the urinary bladder, 
the ureter, and the pelvis of the kidney. The superficial cells (fig. 
26, a) are large and flattened; they often have two nuclei. On their 





Fig 26—DritHkLIAT CFI1S FROM INF BLADDER OF THE RaBhir (Magnified 
500 diameters ) 
a, large flattened cell from the sa bay layer with two ac and with ly marked 


ridges and intervening depressions on its under surface, b pear-shaped cell the second 
lay er adapted to 8 depression on one of the superficial ce ils 


under surface they exhibit depressions, into which fit the larger ends 
of pyniform cells, which form the next layer (fig. 26, 6). Between 
the tapered ends of the pyiiform cells one or two layers of smaller 
polyhedral cells are found. 
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LESSON VII. 
STUDY OF CILIA IN ACWION. 


1. Mount in sea-water one or two bars of the gill of the marine muss 
(fig. 27). Study the action of the large cilia. Now place the preparatic 
upon the copper warm stage (see Lesson V.) and observe the effect of raisiz 
the temperature. 





Fic. 27.—VALVE OF MUSSEL (MYTILUS EDULIS) SHOWING br, br, THE EXPANDED 
GILLS OR BRANCHIA, WHICH, OWING TO THE LITTLE BARS OF WHICH THEY 
ARE COMPOSED, PRESENT A STRIATED ASPECT. 


ml, mantle; m, cut adductor muscle; 4, mass of viecera; the dark projection just above is the foot, 


Keep this preparation until the end of the lesson, by which time many of 
the cilia will have become languid. When this is the case pass a drop of 
dilute potash solution (1 part KHO to 1,000 of sea-water) under the cover-glase 
and observe the effect. 


2. Cement with sealing-wax a piece of small glass tubing toa slide so that 





Fria. 28.—Moist CHAMBER ADAPTED FOR PASSING A GAS OR VAPOUR TO A 
PREPARATION UNDER THE MICROSCOPE. 


one end of the tube comes nearly to the centre of the slide. On this put a 
‘fing of putty or modelling wax half an inch in diameter so as to include the 
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end of the tube, and make a deep notch in the ring opposite the tube. Place 
& wtuall drop of water within the rng (fig. 28). 

Put a bar from the gill upon a cover-glass in the least possible quantity of 
sea-water; invert the cover-glass over the putty ring, and press it gently 
down, The preparation hangs in a morst chamber within which it can be 
studied through the cover-glass, and unto which gases or vapours can be passed 
and their effects observed. 

Pass CO, through the chambor, and after observing the effect replace 1t by 
air (see fig. 29). Kepeat with chloroform vapour mstead of CO,. 


S ccmanmenadiiiiilcnocas eae 


The Movement of Cilia.— When in motion a cilium is bent quickly 
over in one direction with a lashmg whip-lke movement, immediately 
tecovering itself. When vigorous the action 1s so rapid, and the 
rhythm. so frequent, that 1t 13 ampossible to follow the motion with the 
eye. All the cilia upon a ciliated surface are not in action at the same 





Fiu. 29.—-MELNOD OF BUBJFCLING A PRLPARALION 10 A SIRLAM OF CARBONIC 
ANY DRIDE 


b, bottle containing marble and hydrochlorn acid 6! wash bottle, connected by indiarubber 
tubc, ¢, with the moist chamber, ¢ 


instant, but the movement travels in waves over the surface, If a cell 
is detached from the general surface, its cilia continue to act for a 
while, but at once cease if they are detached from the cell. 

The rhythm is slowed by cold, quickened by warmth, but heat 
beyond a certain point lulls the cells. The movement will continue 
for some time in water deprived of oxygen. Both CO, gas and chloro- 
form vapour arrest the action, but 1t recommences on restoring air. 
Dilute alkaline solutions quicken the activity of cilia, or may even 
restore it shortly after it has ceased. 


o 
° 
~ r 4 


LESSON IX. 
THE CONNECTIVE TISS@ES. 


AREOLAR AND ADIPOSE TISSUE. 


1. Tage a little of the subcutancous tissue or of the intermuscular connective 
tissue of a rabbit or guinea-pig and spread it out with needles on a dry slide 
into a large thin film. Keep the centre moist by occasionally breathing on 
it, but allow the edges to dry to the slide. Before commencing put a drop 
of salt solution on a cover-glass, and now invert this over the film. Ex- 
amine with a high power. Sketch one or two bundles of white fibres and 
also one or two elastic fibres, distinguishable from the former by their 
sharp outline, isolated course, and by their branching. Sketch also one or 
more connective-tissue corpus<les, if any such are visible in the clear inter- 
spaces. Look also for migratory cells (jymph-corpuscles). Next carefully 
remove the cover-glass and repluce the salt solution by dilute acetic acid. 
Watch its effect in swelling the white fibres and bringing more clearly into 
oi the elastic fibres and corpuscles. Look for constricted bundles of white 
res. 


2. Make another film in the same way, but mount in dilute magenta 
solution |! instead of saline solution. The elastic fibres are deeply stained by 
the dye; the cclls are also well shown. When the staining is completed pass 
dilute glycerine under the cover-glass and cement this at once with gold 
size. 


8. Prepare another film of the subcutaneous tissue, including a little 
adipose tissue. Mount in glycerine and water, coloured by magenta, with a 
piece of hair under the cover-glass to keep this from pressing unduly upon the 
fat-cells. Cement at once with gold size. Examine first with a low and after- 
wards with a high power. The nucleus and envelope of the fat-cell are well 
brought out by the magenta, and if from a young animal, fat-cells will be 
found in process of formation. Measure and sketch two or three of the cells. 


4, Spread out another large film of connective tissue, letting its edges dry 
to the slide. Place on its centre a large drop of nitrate of silver solution 
(1 per cent.). After ton minutes wash this away with distilled water, mount 
in Farrant!, and expose to the sunlight until stained brown. Sketch the out- 
lines of two or three of the cell-spaces. 


The connective tissues include areolar tissue, adipose tissue, elastic 
tissue, fibrous tissue, retiform and lymphoid tissue, cartilage and bone, 
All these fissues agree in certain microscopical and chemical charac- 
ters. They, for the most part, have a large amount of intercellular 
cubstance in which fibres are developed, and these fibres are of twa 


be! 1 See Appendix. 
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kinds—white and yellow or elastic. Moreover, there are many points 
of similarity between the cells which occur in these several tissues ; 
they are also developed from the same embryonic formation, and they 
tend to pass imperceptibly the one into the other. Besides this, 
their use is everywhere similar; they serve to connect and support 
the other tissues, performing thus a passive mechanical function. 
They may therefore be grouped together, although differing consider- 
ably in external characters. Of these connective tissues, however, 
there are three which are so intimately allied as to be naturally con- 
sidered together, being composed of exactly the same elements, although 
differing in the relative development of those elements; these are the 
areolar, elastic, and fibrous tissues (adipose tissue may be looked upon 
as a special modification of areolar tissue), Areolar tissue being the 
commonest and, in one sense, the most typical, its structure may be 
considered first. 

Areolar tissue.—The areolar tissue presents to the naked eye an 
appearance of fine transparent threads and lamine which intercross in 
every direction with one another, leaving intercommunicating meshes, 
or areol#, between them. When examined with the microscope, these 
threads and fibres are seen to be principally made up of wavy bundles 
of exquisitely fine transparent fibres (white fibres, fig. 80). The bun- 
dies run in different directions, and may branch and intgrcommuni- 
cate with one another; but the individual fibres, althoh ® they pass 
from one bundlo to another, never branch or jom other fibres. The 





Fig 31.—GRoUND SUBSTANCE OF 
CONNECTIVE TISQUE STAINED 
BY SILVER. (The cell-spaces 
are left white,) 





Fic. 80.—BUNDLES OL THE WHILE KIBRES OF 
AREOLAR TISSUE PAR1ILY UNRA\ELLED., 


fibres are cemented together into the bundles by a clear substance 
contdining mucin, and the same clear material forms also the basis or 
jround-substance of the tissue, in which the bundles themselves course, 
and in which also the corpuscles of the tissue lie embedded, This 
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ground-substance between the bundles can with difficulty be seen in 
the fresh tissue on account of its extreme transparency ; but it can be 
brought to view by staining with nitrate of silver, as in §4. The whole 
of the tissue is thereby stained of a brown colour, with the exception of 
the spaces which are occupied by the corpuscles (cell-spaces, fig. 81). 
Besides the white fibres of connective tissue here described, fibres 
of a different kind (fig. 82) may be mado out in the preparations; 


Tia 32 
A. Elastic fibres of areolar tispue From the subcutaneous tissue 


of therabbit B(fromToldt) A white bundle swollen by acetic 
acid. From the subarachnoid tissue at the base of the brain 


these are the elastic fibres. They are especially 
well seen after treatment with acetic acid, and 
after staining with magenta; but they can be de- 
tected also in the fresh preparation. They are 
characterised by their distinct outline, their straight 
course, the fact that they never run in bundles, but 
singly, and that they branch and jom neighbouring fibres. If broken 
by the needles in making the preparation, the elastic recoil causes 
them to curl up, especially near the broken ends. esides the 
microscopical differonces, the two kinds of fibres differ also in their 
chemical characters. Thus the white fibres are dissolved by boiling in 
water, and yield gelatin; whereas the substance of which the elastic 
fibres are composed (elastin) resists for a long time the action of boil- 
ing water. Moreover, the white fibres swell and become indistinct 
under the action of acetic acid ; the elastic fibres are unaltered by this 
reagent, 

The bundles of white fibres which have been swollen out by acid 
sometimes exhibit curious constrictians (fig. 82). These are due either 





22 THE ESSENTIALS OF HISTOLOGY 


to elastic fibres coiling round the white bundles, or to cell processes 
encircling them, or to an investment or sheath which remains un- 
broken at certain parts, and thus prevents the swelling up of the 
bundle at these places. 

The cells of areolar tissue are generally flattened and more or less 
branched (fig. 83}, but may be of an elongated form. They usually con- 





Fig. 88.—Two FLATTENED AND BRANCHED CONNECTIVE-TISSUE CORPUSCLES 
FROM THE SUBCUTANEOUS AREOLAR TISSUE, 


Opposite 7 a secondary lamella, projecting towards the observer, is seen in optical 
section as a dark line. 


tain a single large oval nucleus having the usual structure of cell-nuclei. 
Their protoplasm is generally much vacuolated, and it may also contain 
granules. In the middle coat of the eye the connective- tissue cells are 
filled with granule § f pigment. 
The cells lie in spaces in the 
ground-substance between the 
bundles of white fibres. In some 
parts of the connective tissue the 
white bundles are developed to 
such an extent as to pervade 
almost the whole of the ground- 
substance, and then the con- 
nective-tissue corpuscles become 
squeezed into the interstices, 
flattened lamellar expansions of 
the cells extending between the 
bundles, as in tendon (see next 
Juesson). The cells are frequently 
joined either into # network by 
branching processes (fig. 84), or 
edge to edge, like the cells of an 
: ee ae epithelium (fig. 35); in either 
Pee oe taco sysovial, 0888 the cell-spaces are also con- 
MEMBRANE OF OX. joined equally intimately. — 
Besides the flattened, branched, 
and elengated connective-tissue corpuscles, others are met with which 
are like very large lymph-corpuscles in appearance, and are filled with 
_ @atinet granules, which are stained deeply by aniline dyes. These 
..Gells ‘igre, very eommor in the neighbourhood of blood- vessels, ‘eshie- 
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Fic 85 —EPitTHFLIOID CLILS OF CONNFCLIVE PIssul, FROM THI SUL FACE OF 
AN APONFUROSIS AFTFR IREALVLNL WISH NIIRAIL OF SIEVFR. ¢ Lhe cell- 
nuclei are not shown.) 





Fic. 36.—A trw (CELLS FROM LHE MARGIN OF A LAT-LOBUI F. 


J g fat-globule distending a fat-cell, m, nuclens , m, membranous envelope of the fat cell, 
¢?, banch of crystals within a fat cell ¢, capillary vessel, 2, venule, 7, connective- 
tisaue cell , the fibres of the connective tissue are not represented 


cially where fat is becoming developed (see fig. 87); they exhibit slight 
indications of amceboid movement, and are known as the plasma-cells. 
Migratory or lymph-cells may also be seen here and there in the tissue. 
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The branched cells and cell-spaces of areolar tissue come into 
intimate relation with the cells lining the lymphatic vessels and small 
blood-vessels. This connection can best be seen in silvered prepara- 
tions; it will be again referred to in speaking of the origin of the 
lymphatics. 

Adipose tissue consists of vesicles filled with fat (fig. 86), and col- 
lected into lobules or into tracts which accompany the small blood- 
vessels. The vesicles ayo round or oval in shape, except where closely 
packed, when they become polyhedral from mutual compression. The 
fat-drop is contained within a delicate protoplasmic envelope (fig. 86, 
2) which is thickened at one part, and here includes an oval flattened 
nucleus. The vesicles are supported partly by filaments of areolar 
tissue, but chiofly by a fine notwork of capillary blood-vessels. 

The fat when first formed is deposited within plasma-cells of areolar 
tissue (fig. 87). It is at first in separato droplets within each cell, but 





Fic. 87.—DLvost HON OF FAY IN CONNECTLIVL-TISSUE (LLLS 


J, a cell with a few isolated fat-droplets in its protoplasm; 7’, a cell with a single large and 
several minute drops; 7”, fusion of two large drops; g, granniar or plasma cell, not 
ae owe an} fat-deposition ; cf, flat connective-tissue curpuscle ; ¢, c, network of 
capillaries. 


as these droplets increase in size they run together into a larger drop, 
which gradually fills the cell more and more, swelling it out so that 
the cell-protoplasm eventually appears merely as the envelope of the 
fat-vesicle. 

Fat is found most abundantly in subcutaneous areolar tissue, and 
under the serous membranes ; especially in some parts, as at the back 
of the peritoneum around the kidneys, under the epicardium, and in 
the mesentery and omentum. The marrow of the long bones is also 
principally composed of fat. 
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LESSON X. 
® 
THE CONNECTIVE TISSUES (continued). 


ELASTIC TISSUE, FIBROUS TISSUE, SPECIAL VARIETIES, DEVELOPMENT 
OF CONNECTIVE TISSUE. 


1, Tease out as finely as possible a small shred of elastic tissue (ligamentum 
nuche of the ox or ligamenta subflava of man) in Farrant’s solution! and 
cover the preparation. Note the large well-defined fibres constantly branching 
and uniting with one another. Look for transverse markings on the fibres. 
Measure three or four. Sketch a small part of the network. Note the 
existence of bundles of white fibres amongst the elastic fibres. 


2. Mount in Farrant a thin transverse section of ligamentum nuchme 
which has been hardened in 2 per cent. solution of bichromate of potash. 
Observe the grouping of the fibres and their angular shape. Sketch one or 


two groups. 


8. Pinch off the end of the tail of a dead mouse or rat, draw out the long 
silk-like tendons and put them into saline solution. Take two of the longest 
threads and stretch them along a slide, letting the ends dry firmly to the slide 
but keeping the middle part moist. Put a piece of hair between them and 
cover in saline solution. Observe with a high power the fine wavy fibrillation 
of the tendon. Draw. Now run dilute acetic acid under the cover-glassa, 
watch the tendons where they are becoming swollen by the acetic acid. 
Notice the oblong nucleated cells coming into view between the tendon 
bundles. Sketch three or four cells in a row. Lastly, ft the cover-glass, 
wash away the acid with distilled water, place a drop of hematoxylin solution 
on the tendons, and leave the preparation for fiftcen minutes or more; then 
wash away the logwood and mount the preparation in acidulated glycerine. 
Cement the cover-glass with gold size. 


4, Immerso one or two other pieces of tendon in nitrate of silver solution 
(1 per cent.) for ten minutes, then wash them in distilled water, stretch 
them upon a slide, mount in Farrant, and expose to the sunlight. 


5. Stain with magenta solution! a thin section of a tendon which has 
been hardened in aleohol. Mount in dilute glycerine and cement the cover- 
glass at once. Sketch a portion of tho section under a low power. 


Elastic tissue is a variety of connective tissue in which the elastic 
fibres preponderate. It is found most characteristically in the liga- 
mentum nuche of quadrupeds and the ligamenta subflava of the 
vertebre, but the connective tissue of other parts may also have a con- 


1 See Appendix. 
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siderable development of elastic fibres, It occurs also in an almost 
pure form in the walls of the air-tubes, and uniting the cartilages of 
the larynx. It also enters largely into the formation of the walls of 
the blood-vessels, especially the arteries. 

In the ligamentum nuche the fibres are very large and angular 
(fig. 88); they often exhibit cross-markings or even transverse clefts. 
When dragged asunder, they break sharply across; they constantly 
branch and unite, so_as to form a close network. In transverge 
section they are seen fo be separated into small groups (fig. 89) by 
intervening white bundles of connective tissue. 
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Fic. 39 —Cnrose-seCTion OL CLASTIC 
1IBRLS FROW THE LIGAMENIUM 
NICH Y OF IME OX, 


sa 





Fig. 38 ~—E1 AStic LIBhFS IOV LHF TIGA- 
MENTUM NUCHA. OF IHF OX, SHOWING 
TRANSVFASE MARKINGS ON FHE FIBRLS, 


Elastic tissue does not always take the form of fibres, but may 
occur as membranes (as in the blood-vessels). Sometimes the fibres 
are very amall, but their microscopical and chemical characters are 
always very well marked (see p. 81). 

Fibrous tissue is almost wholly made up of bundles of white fibres 
running in a determinate direction. These again are collected into 
larger bundles, which give the fibrous appearance to the tissue. The 
bundles are constantly uniting with one another in their course, although 
fueir component fibres remain perfectly distinct. 

The interspaces between the larger bundles are occupied by areolar 
tissue (fig. 40) in which the blood-vessels and lymphatics of the fibraus 
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FIBROUS TISSUE 





Fig. 40 —PAk1 OF A LARGE TFNDON IV TRANSVI RSE SECTION. 


a, areolar sheath of the tendon, with the fibres for thc most part running transversely but 
with two or thice Jongitudmal Lundles & 2 lymphatic clcit im the sheath un mediately 
over 1t @ blood vessel 18 secu cut across and cn the other side of the figure a mull artery 
18 shown cut longitudinally ¢, Jarge septum of areolar tissue d emailer septum, ¢ still 

smaller septum The irregularly stellate bouies are the tendon cells in section 
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Tre. 41e—TiNDON OF MOL SE’S TAJI, STAINFD WIFH LOGWOOD , SHOWING CHAINS 
OF CLILS BFIWEEN Il 1ENDON-BUNDLLS (175 diameters ) 





Fig. 42 —TRANSVERSE SECIION OF IENDON OF MOUSF’S TAIL, BIAINED. 
(175 diameters ) 


The flattened processes of the tendon-cells appear in section as lines, frequently coming off at 
night angles from the bddy of the cell 


88 THE ESSENTIALS OF HISTOLOGY 


tissue are conveyed. The interstices between the smallest bundles 
are occupied by rows of connective-tissue corpuscles ( tendon-celis), 
which from being squeezed up between three or more bundles become 
flattened out in two or three directions. In transverse section the cells 
appear somewhat stellate (figs. 40, 42), but when seen on the flat 
they appear lamellar (fig. 41), and from this aspect their general shape 
is square or oblong. They lie, as before said, in rows between the 
tendon-bundles, and the nuclei of adjacent cells are placed opposite 





Fig. 43.—EGur Ci Lis FROW 1NE SAME TENDON AS REPRFSENIID IN FIG. 41. 
(425 diameters ) 


The nuclei, with their numerous nucleoli, are colomed by the logwood. The dark lines on 
the surface of the cells are the optical sections of Jamellar extensions directed towards or 


away from the observer 


one another in pairs (fig. 43). The cell-spaces correspond in general 
figure and arrangement to the cells which occupy them (fig. 44). 





Fic. 44.—Ci Li-SPAC FS OF TFNDON OF MOUSF’S TAIL, BROUGHT INTO VIEW BY 
TREATMENT WIIH NITRAIL OF SILVER. (175 diameters.) 


Fibrous tissue forms the tendons and ligaments, and also certain 
membranes, such as the dura mater, the fibrous pericardium, the fascie 
of the limbs, the fibrous covering of certain organs, &c. It is found 
wherever great strength combined with flexibility is concerned. It 
receives a few blood-vessels, disposed longitudinally for the most part, 
and contains many lymphatics. Tendons and ligaments also receive 
nerve-fibres, which, in some cases, end in small localised ramifications 
like the end-plates of muscle, while others terminate in end-bulbs or in 
simple Pacinian corpuscles. 

Retiform or reticular tissue is a variety of connective tissue in 
which the intercellular or ground substance has mostly disappeared or 
is replaced by fiuid, very few or no fibres having been developed in it; 
and these, when present, are enwrapped by the cells. The tissue ig 
composed almost entirely of the cells, which are ramified and united 
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with one another into a network or sponge-work by their processes ; 
in some cases, the cell-nuclei have disappeared (as at 0, fig. 45). 





Fic. 45.—THIN SFC PION FROM ‘INE CORTICAL PARI OF A LAMPHATIC GLAND, 
MAGNIFIED, 


A network of fine trabeculee formed by retiform tissue, from the meshes of which the 
lymph-c orpuscles have been washed out, except atc, where they are lc ft. 


Lymphoid or adenoid tissue is retiform tissue in which the meshes 
of the network are largely occupied by lymph-corpuscles. This is by 
far the most common condition of a retiform tissue, and is met with in 
the lymphatic glands and allied structures (see Lesson XXII.), and also 
in the tissue of the alimentary mucous membrane, and in some other 
situations. 

Basement membranes (membranes proprie) are homogeneous-look- 
ing membranes, which are found forming the surface-layers of con- 
nective-tissue expansions in many parts, especially where there is a 
covering of epithelium, as on mucous membranes, in secreting glands, 
and elsewhere. They are generally formed of flattened connective- 
tissue cells joined together to form a membrane; but, in some cases, 
they are evidently formed not of cells, but of condensed ground- 
substance, and in others they are of an elastic nature. 

Jelly-like connective tissue, although occurring largely in the em- 
bryo, is found only in one situation in the adult—viz. forming the 
vitreous humour of the eye. It seems to be composed entirely of soft 
ground-substance, with cells scattered here and there through it, and 
with very few fibres, or none at all. These several varieties of con- 
nective tissue will be more fully described in connection with the 
organs where they occur. 

Development of connective tissue. Connective tissue is always 
developed in the mesoblast or mesoderm of the embryo. In those 
parts of this layer which are to form connective tissue, the embryonic 
cells become separated from one another by a muco-albuminous semi- 
fluid intercellular substance (ground-substance), but the cells generally 
remain connected by their processes. The connective-tissue fibres, 
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both white and elastic, are deposited in this ground-substance, the 
elastic substance usually m the form of granules (fig. 47, g), which 





Fia 46—JiLry ot WHARION 


> rumuificd cells iantercommunik ating by their brinchcs 7 a row of lymph cells, 
J, fibres duveloping in the ground ub tuncc 


subsequently become connected together into elastic fibres or lamina, 
as the case may be, the white fibres appearing at first in the form of 
very fine bundles, wlich afterwards become gradually large } so that 
in hbrous tissue the whole ground-substance 1s eventually pervaded by 





Fie 47.—D&\TLOEMIXI OF FLASTI( TISSUE BY DEPOSITION OF FINE 
GRANULES 


g, fibres being formed of rows of ‘elastin’ granule», p, flat platelike expansion of 
elastic substance iormed by the fusion of elastin’ granules 


them, and the cells of the tissue become squeezed up into the intervals 
between them. Before any considerable development of fibres has 
taken place, the embryomic connective tissue has a jelly-lke appear- 
ance; in this form it occurs im the umbilical cord, where 1t is known 
as the jelly of Wharion (fig 46). 
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LESSON XI. 
THE CONNECTIVE TISSUES (continued). 


ARTICULAR CARTILAGE. 


1. Cut two or three very thin tangential slices of the fresh cartilage of a joint, 
mount them in saline solution and examine with ahigh power. Observe care- 
fully the form and grouping of the cells. Look at the thin edge of the section 
for spaces from which the cells have dropped out. Measure two or three 
cells and their nuclei, and sketch one or two groups. Now replace the saline 
solution by water and set the preparation aside for a little while. On again 
examining it, many of the cartilage-cells will be found to have shrunk away 
from their containing capsules. 


2. Make other sections of the cartilage (1) from near the middle, (2) from 
near the edge. Mount in magenta solution, and when stained add dilute 
glycerine and cement the cover-glass. In (2) look for branched cartilage-cells. 
Draw one or two. 


8. Make vertical sections of articular cartilage from a bone which has 
been for several days in 4 per cent. chromic acid solution, and mount the 
sections in Farrant. Sketch the arrangement of the cells in the different 
layers. 


4. Wash a fresh joint with distilled water; drop 1 per cent. nitrate of 
silver solution over it; after ten minutes wash away the nitrate of silver 
and expose in water to the light. When browned, cut thin sections from 
the surface and mount in Farrant. The cells and cell-spaces show white in 
the brown ground-substance. Draw. 


Cartilage or gristle is a translucent bluish-white tissue, firm, and 
at the same time elastic, and for the most part found in connection 
with bones of the skeleton, most of which are in the embryo at first 
represented entirely by cartilage. Two chief varieties of cartilage are 
distinguished. In the one, which is termed hyaline, the matrix or 
ground-substance is clear, and free from obvious fibres; in the other, 
which is termed fibro-cartilage, the matrix is everywhere pervaded by 
connective-tissue fibres. When these are of the white variety, the 
tissue is white ‘fibro-cartilage ; when they are elastic fibres, itis yellow 
or elastic fibro-cartilage. 

Hyaline cartilage occurs principally in two situations—namely 
(1) covering the ends of the bones in the joints, where it is known as 
articular cartilage; and (2) forming the rib-cartilages, where it is 
known as costal cartilage. It also forms the cartilages of the nose, the 
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external auditory meatus, the larynx, and the windpipe ; in these places 
it serves to maintain the shape and patency of the orifices and tubes. 
Artioular cartilage. The cells of articular cartilage are mostly 
scattered in groups of two or four throughout the matrix (fig. 48). 
The latter is free from fibres, except at the extreme edge of the 
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Fic 48—ARTICULAR CARTIIAGL LROM HEAD OF WUELATARSAL BONF OF MIAN 
(OSMIC ACID FRIPATAIION) [18 CBI] BODILS LNFINFIY PIL] THE SPACBS 
IN THE MAIRIA. (840 diameters ) 


@ group oftwocells 6, group of four cells # protoplasm of cell, with g, fatty granules, 
n, nucleus 


eartilage, where the connective tissue fibres from the synovial mem- 
brane extend into it, and here also the cartilage-cells are often 
branched, and offer transitions to the branched connective-tissue cor- 
puscles of that membrane (transitional cartilage, fig. 49). By long 
maceration, however, some observers have obtained evidence of a 
fibrous structure even in the matrix of true hyaline cartilage. The 
matrix immediately around the cartilage-cells is often marked off from 
the rest by a concentric line or lines, this part beng known as the 
capsule of the cell. The cells are bluntly angular in form, the sides 
opposite to one another in the groups being generally flattened. The 
protoplasm is very clear, but it may contain droplets of fat; and with 
a high power fine interlacing filaments and granules have been 
observed in it (fig. 60). During life the protoplasm entirely fills the 
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savity or cell-space which it occupies in the matmx; but after death, 
ind im consequence of the action of water and other agents, 1t tends to 
ihrink away from the capsule. The nucleus 1s 1ound, and shows the 
usual intranuclear network, 





lia 49—BorDLR OF ARTIC ULAR CARTITACFK SHOWING Fia 50—A CARTILAGE CLIT 


TRANSITION OF CARTILAGE CLLLS INLO CONNFCTIV E- IN 1HE LIVING sILATH, 
TISSUF CORPUSCLT'S OL SYNOVIAI MEMBRANE = 1] ROM ROM LHE SALAMANDER 
HEAD OF MITATARSAL BONE, HUMAN (About 340 Highly ma, nitied 


a, ordinary cartilage cells, )7 with branching proce ost8 


a 





Fic. 61.—VERIICAL SECTION OF ARTICLIAR CARFITAGE COVERING 18K LOWER 
FND OF Fk TIBIA, HUMAN (Magnified about 30 diamcters ) 


@, cells and cell groups flattened conformably with the surface }, cell groups irregularly 
arranged, ¢, cell groups disposei perpendicularly to the surface, d, layer of calcified 
cartilage , ¢, bone 
In vertical section (fig. 51) the deeper cell groups (c) are seen to be 

arranged vertically to the surface, the more superficial ones (@) parallel 
to the surface, whilst in an mtermediate zone the groups are irregu- 
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larly disposed (b). In the deepest part of the cartilage, next the bone, 
there 1s often a deposition of calcareous salts in the matrix (calcified 
cartelage, d). 

The disposition of the cells of cartilage in groups of two, four, and 
go on, 18 apparently due to the fact that these groups have origimated 
from the division of a single cell first mto two, and these again into 
two, and so on (fig. 52) It would seem that the matrix 1s formed of 





Fic 92—Praw OF THE MULIITTICALION OF CLIITS OF CARLIT AGE 


A cel] in its capsule 8B divided into tno exh with a capsule C } rimary capsule disip 
peared, secon lary capsues ccherent with matnx n tertiary hvision & secon lay 
capsules disappeasre 1, tertiary ¢ herent with matrix 


a 





Fig 53—DIvVIsION OF A CARTII AGE-CELI 


a~k stages of division of a cell, as seen in the living cartilage of the salamandcr (the con 
nection of the nuclear filaments could not be made out in the fresh condition) a 06 stel 
late phase, ¢ @ commencing separation of the nuclear filaments, the further stages of 
separation are not represented e filaments fully separated into two groups, and a septum 
beginning to be formed between them J, septum completed seen to be double and con 
tinuous with capsules of daughter cells, g,A further stages in the formation of the 
daughter nucle 


successive portions, which are deposited around each cartilage cellas the 
so-called ‘ capsules, each newly formed portion soon blending in its turn 
with the previously formed matrix, whilst a new capsule 1s formed 
within it. The division of the cartilage cell, hke that of other cells, 
is accompanied by a process of karyomiutosis. 
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LESSON XII. 
THE CONNECTIVE TISSUES (contunued) 


® COSTAL CARTILAGE. FIBRO CARTSLAGE. 


1. Make transverse and tangential sections of a nb cartilage, stain them with 
magenta, and mount in dilute glycermc, cementing at once Sketch a part of 
a transverse section under a low power and a cell group from one of the 
tangential sections under a high powor Notice especially the arrangement 
of the cells, somewhat concentric nea the surtace but radial near the centre. 
The costal cartilages are often ossified near the middle 


2. Make sections of the cartilage of the external ear. Mount in dilute 
glycerine faintly coloured with magenta If from the ox, notice the very 
large reticulating elastic fibies in the matri, Notice also the isolated 
granules of elastim, and around the cartilage cells the area of clear ground 
substance. Draw a small poition of the section. 


8. Mount a section of the epiglottis in the same way Notice the closer 
network of much finer fibres 


4, Cut sections of white fibro cartil we (intervertebral disk), and stain 
them with dilute magenta Mount in dilute glycerine Observe the wavy 
fibres in the matrix and the cartilage cells lymg m clear areas often con 
centrically striated. Look tor bianched cartilage cells. Sketch three or four 
cells and the adjoming fibrous matriy 


Costal cartilage —In the costal caitilages the matri, 1s not always 
so clear as in the matrix of the jomts, for it often happens that fibres 
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Fig 54.—Srciion OF RIB-CARLITAGE, SHOWING 1W0 CFIL GROLES IN A 
SOMLWHA1 LIBROLS LOOKING MALRIA 


become developed in it. The cells are generally larger and more an- 
gular than those of articular cartilage, and collected into larger groups 
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(fig. 54). Near the circumference, and under the perichondrium or 
fibrous covering of the cartilage, they are flattened and parallel to the 
surface, but in the deeper parts they have a more irregular or a radi- 
ated arrangement. They frequently contain fat. The cartilages of the 
larynx and windpipe and of the nose resemble on the whole the costal 
cartilages, but the study of them may be deferred until the organs 
where they occur are dealt with. 

Elastic or yellow fibro-cartilage occurs in only a few situationg 
These are, the cartilage of the external ear and that of the Eustachian 
tube, the epiglottis and cartilages of Santorini of the larynx, and in 
some animals, ¢.g. the ox, the upper third of the arytenoids. The 
matrix ig everywhere pervaded with well-defined branching fibres, 
which umite with one another to form a close network (fig. 55). These 






wl, ; 











» 
beh re 
Y 














Fig 66.-——-SFC1ION Of PART OF THE CAR- 
1ITAGE OL [UE FPIGI OTIIS, 


\aegere 
" 1, CK 
(Blin t-7) 

a cartilage cell in clear areca, b granular- 

Fic. 55 —Sic1iov of LHE LTASIIC CARII- ene matrix = the mille of the carti- 
L ou THL FAR. igh age, the granular appearance being due 
oe — t (Highly magnitred ) partly to the fine ret ulum. of elastic Aabren, 

partly to the pre-enc« of granules of elastic 

bubstance im the matrix, ¢, clearer matrix 
with longcr fibres. 


fibres resist the action of acetic acid, and are stained deeply by magenta; 
they are evidently elastic fibres. In the ox they are very large, but 
smaller in man, especially in the cartilage of the epiglottis (fig. 56)- 
They appear to be developed by the deposition of granules of elastin 
in the matrix, which at first lie singly, but afterwards become joined to 
form the fibres. 

White fibro-cartilage is found wherever great strength combined 
with a certain amount of rigidity is required: thus we frequently find 
fibro-cartilage joming bones together, asin the case of the intervertebral 
disks and other symphyses. Fibro-cartilage is frequently employed to 
line grooves in which tendons run, and may also be found in the tendons 
themselves. It is also employed to deepen cup-shaped articular sur. 
faces ; and in the case of the interarticular cartilages, such as those 
of the knee and lower jaw, to allow greater freedom of movement 
whilst diminishing the liability to dislocation. Under the microscope 
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white fibro-cartilage looks very like fibrous tissue, but its cells are car- 
tilage-, not tendon-, cells (fig. 57). They are rounded or bluntly angular 





Fie °97—WHILF FIBhO CARITLAGE FROW AN INTKLVEIREFBRAT DISK, HUMAN, 
(Highly magnified ) 
The concentric lines around the cells indicate the limits of deposit of successive capsules 


One of the cells has a forked process which extends beyond the hyaline area surrounding 
the cell, amongst the fihies of the gcnera’ matrix 


and surrounded by a concentrically striated area of clear cartilage- 
matrix. In some parts of the intervertebral disk many of the cells are 
branched, and may be looked upon as transitional forms to connective- 
tissue corpuscles. 
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LESSON XIII. 
© BONE AND MARROW. 


1. In thin sections of hard bone made by grinding, observe the Haversian 
canals, lamelle, lacuns, canaliculi, &. Make a sketch first under a low and 


afterwards under a high power. 


2. With fine forceps strip off a thin shred from a bone which has been 
decalcified in nitric acid and afterwards kept for some time in dilute alcohol. 
Mount the shred in water. Observe the fibrous structure of the lamelle. 
Look for perforating fibres or the holes from which they have been dragged 
out. Sketch a small piece of the thin edge of a lamella. 


3. Stain with dilute magenta very thin sections of compact bone which 
has been decalcified in chromic or picric acid, and mount in dilute glycerine, 
cementing at once. Look for fibres of Sharpey piercing the circumferential 
lamellw. The elastic perforating fibres are more darkly stained than the 
others. Notice the stained nuclei of the bone-corpuscles in the lacune. 
In the thinnest parts of the sections try to make out the bloo $vessels and 
other structures in the Haversian canals. 


4. Mount in Canada balsam sections of marrow (from a long bone) stained 
with hematoxylin or borax-carmine.' Observe the fat-cells, the reticular 
tissue supporting them, the proper marrow-cells in this tissue, &c. 


5. Tease in saline solution some of the red marrow from the rib of a 
recently killed animal. Observe and sketch the proper imarrow-cells and 
look for myeloplaaes and nucleated coloured blood-corpuscles. If examined 
carefully, amceboid movements may be detected in the latter and in the 


marrow-cells. 


re eRe ete Freee eR 


Bone is a connective tissue in which the ground-substance is im- 
pregnated with salts of lime, chiefly phosphate, these salts constituting 
about two-thirds of the weight of the bone. When bones are macerated 
this earthy matter prevents the putrefaction of the animal matter. 
When bones are calcined they lose one-third of their weight, owing to 
the destruction of the animal matter; when steeped in acid the earthy 
salts are dissolved and only the animal matter is left. This, like 
areolar and fibrous tissue, is converted into gelatine by boiling. 

Bony tissue is either compact or cancellated. Compact bone is 
dense like ivory; cancellated is spongy with obvious interstices. The 
outer layers of all bones are compact, and the inner part is generally 
eancellated, but the shaft of a long bone is almost entirely made up of 


} See Appendix. 
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vompact substance except along the centre, which is hollow and filled 
with marrow. The interstices of cancellated bone are also occupied 
by marrow. Externally bones are covered except at the joints by a 
vascular fibrous membrane, the periosteum. 

True bone is always made up of lame/la@, and these again are com- 
posed of fine fibres lying in a calcified ground-substance. Between 
the lamelle are branched cells, the bone-corpuscles, which lie in cell- 
spaces or lacung. The ramified passages which contain the cell-pro- 
cesses are termed canalicult. 

In cancellated bone the blood-vessels run in the interstices supported 
by the marrow. In compact bone they are contained in little canalsa— 
the Haversian canals—which everywhere pervade the bone. These 
canals are about 0°05 mm. (,}, mech) in diameter, but some are 
smaller, others larger than this. Their general direction is longitudinal. 
7.€. parallel to the long axis of the bone, but they are constantly united 
by transversely and obliquely running passages. In a section across 
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Fic. 58.—TRANSVERSK SECTION OF A BONE (ULNA). (Magnified 20 diameters.) 


The openings of the Haversian canals are seen encircled by concentaiclamellz Other lamelise 
run parallel with the surface (a) 


the shaft of a long bone they are seen as small rounded or irregular 
holes (fig. 58). When the section has been made by grinding, the 
holes get filled up with air and débris, and they then look ast by 


a 
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transmitted light, as do also the lacune and canaliculi (fig. 59). Most 
of the lamelle in compact bone are disposed concentrically around the 
Haversian canals; they are known as the Haversian lamelle, and with 





Big. 59.—TRANSVERSE SECTION OF COMPACT TISSUE (OF ca | (Magnified 
about 150 diameters.) : 


Three of the Haversian canals are seen, with their concentric rings; also the lacune, with 
the canaliculi extending from them across the direction of the lamella. The Haversian 
apertures had become filled with airand débris in grinding down the section, and therefore 
appear black in the figure, which represents the object as viewed with transmitted light. 


the included canal form what is known as a Haversian system. The 
lacune of a Haversian system communicate with one another and 
with the Haversian canal, but not as a rule with the lacungz of other 
Haversian systems. The angular interstices between the Haversian 
systems are generally occupied by bony substance, which is fibrous but 
not distinctly lamellar. Besides the lamellw of the Haversian systems 
there is a certain thickness of bone at the surface, immediately under- 
neath the periosteum, which is composed of lamelle arranged parallel 
with the surface; these are the circumferential or periosteal lamelle 
(fig. 58, a). They are pierced here and there by canals for blood- 
vessels, which are proceeding from the periosteum to join the system 
of Haversian canals, and also by caleified bundles of white fibres and 
by elastic fibres which may also be prolonged from the periosteum. 
These are the perforating fibres of Sharpey (fig. 60). 

The lamell# of bone are fibrous in structure. This may be seen in 
shreds torn off from the superficial layers of a decalcified bone (fig. 
61). The fibres often cross one another in adjacent lamelle, and in 
the Haversian systems they run in some lamelle concentrically, in 


‘others parallel with the Haversian canal. In shreds of lamelle@ which 


have been peeled off from the surface the perforating fibres may saute- 
times be seen projecting from the surface of the shred, having been 
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Fie. 60.~—TRANSVERSE SFCTION OF DECALCIFIED HUMAN TIBIA, FROM NEAR THE 
Ni, H, Haversian canals, with their systems of concentriclamelle ; in all the rest of the figure 
the lamelle are circumferential; s, ordinary perforating fibres of Sharpey ; ¢, e, elastic 


\ \ 
SURFACE OF THE SHAFT. 
perforating fibres. Drawn under a power of about 150 diameters. 
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Fie. 61.—LAMELLA TORN OFF FROM A DECALCIFIKD HUMAN PARIETAL BONE AT 
SOME DEPTH FROM THE SURFACE, 


a, lamelle, showing decuseating fibres; 6, 6, thicker part, where several Jamelle are super- 

eds; c, c, perforating fibres: the fibrils which compose them are not shown in the 

fears: Apertures through which perforating fibres had passed are seen, uspectally in the 

duties part, a, a, of the figure, Magnitude as ceen under a power of 200, but hot drawn to 
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torn out of the deeper lamellm (fig. 61 ¢, c). Where tendons or liga- 
ments are inserted into bone, their bundles of white fibres are prolonged 


into the bone as perforating fibres. 
The lacuns are occupied by nucleated corpuscles, which send 


branches along the canaliculi. 

The Haversian canals contain one or two blood-capillaries and 
nervous filaments, besides a little connective tissue; and the larger 
ones may also containga few marrow-cells. There are also cleft-like 
lymphatic spaces running parallel with the vessels and connected by 
means of canaliculi with neighbouring lacun@ in the osseous substance 


(fig, 62). 





Fic. 62-—SEc 110N of 4 HAVERSIAN CANAL, SHOWING Ils CONLENS. 
(Highly magnified. ) 
a, small arterial capillary vessel, v, large venous capillary 1, pale nerve fibies cut across , 
i, cleft like lymphatw vessel onc of the cells forming 1ts wall communicates by fine 
branches with the branches of « bone-vorpuscle The substance in which the vessels 


1ur is connective tissue with ramificd cells, 1ts finely granular appearance 1s probably due 
to the cross-section of fine fibrils J he canal 1s surrounded by several concentric lamellxz 


The periosteum, which is best studied in sections from a bone which 
has been decalcified mm chromic or picric acid, 1s a fibrous membrane 
composed of two layers, the inner of which contains many elastic 
fibres. In the outer layer numerous blood-vessels ramify and send 
from it branches to the Haversian canals of the bone. The periosteum 
ministers to the nutrition of the bone, partly on account of the blood- 
vessels it contaims, partly, especially in young animals, on account of 
the existence between it and the bone of a layer of osteoblasts or bone- 
forming cells, a remainder of those wluch originally produced the bone. 

The marrow of bone is of a yellow colour in the shafts of the long 
bones, and is there largely composed of adipose tissue, but in the can- 
cellated tissue it 1s red, the colour being partly due to the large amount 
of blood in its vessels. This red marrow is chiefly composed of round 
nucleated cells— the marrow-cells (fig. 68, e~.)—which resemble large 
lymph-corpuscles, and, hike these, are ameboid. There are also to be 
seen mingled with them a number of corpuscles somewhat smaller in 
size, but nucleated and ameboid, and of a reddish tint (fig. 68, j~t); 
these are believed to be cells in process of development into coloured 
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blood-corpuseles (hemaioblasts). Lastly the marrow contains a certain 
number of very large cells with multiple nuclei, the myeloplames (fig. 
68, a, b, c, d). These are especially numerous wherever bone is 
becoming absorbed. The marrow is very vascular, the capillaries and 
veins being large and thin-walled; indeed, according to some authorities, 
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Fic. 68.—CEI LS OF INK RED MARROW OL THI GUINEA PIG. (Highly magnified.) 


a, & large cell, the nucleus of which appcais to he partly divided into three by constrictions, 
v, a cell the enlarged nucleus of which slows an appearance of being constricted mto a 
number of smaller nuclei, ¢,a so called giant-cell or myeloplaxe with many nucle, d, a 
smaller myeloplaxe with thiec nuclei, e-2, proper cells of the marrow , jt, variou~ form 
of coloured nucleated cells, some in process of division, 

' 


the walls of the capillaries are imperfect, so that there is an open com- 
munication between them and the interstices of the tissue, and in this 
way it is supposed that the coloured blood-disks, which are believed to 
be produced from the coloured nucleated cells of tlhe marrow, may get 
into the circulation. 


a 
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LESSON XIV. 
@ 
DEVELOPMENT OF BONE. 


1. Mount in Canada balsam a section of the lower jaw of a foatus which has 
been stained in bulk with magenta or hematoxylin and embedded in paraffin.’ 
Find the part where the lower jaw-bone is becoming ossified, and carefully 
study the appearances which it presents. The bone is prolonged i in the form 
of osteogenic fibres which are covered with osteoblasts. 


2. Intramembranous ossification may also be studied in the parietal bone 
of a foetus which has been preserved in Muller's fluid. A piece of the growing 
edge is scraped free from its investing membranes and mounted in glycerine 
or Farrant. 


8. Mount in Canada balsam sections of a foetal lunb which has been stained 
with magenta. The bones will be found in different stages of ossification, 
those of the digits being least developed. Make sketches illustrating the 
three chief stages of endochondral ossification. Notice thg peculiar ter- 
minal ossification of the third phalanx. | 


4, Make with a sharp scalpel a longitudinal section at the line of ossifica- 
tion in a more advanced bone which has not been decalcified. These 
sections will show the mode of progress of the calcification. The sections 
can be mounted in Farrant’s solution. 


True bone is essentially formed in all cases by an ossification of 
connective tissue. Sometimes the bone is preceded by cartilage, which 
first of all becomes calcified, and thisis then invaded, and for the most 
part removed, by an embryonic tissue which re-deposits bony matter in 
the interior of the cartilage, whilst at the same time layers of bone are 
being formed outside underneath the periosteum. This is tntracar- 
tilaginous or endochondral ossification. Sometimes the bone is not 
preceded by cartilage, and then the only process which occurs is one 
corresponding to the subperiosteal ossification of the former variety ; 
the ossification is then known as intramembranous. 

Ossification in Cartilage.—This may be described as occurring in 
three stages. In the first stage the cells in the middle of the cartilage 
become enlarged and arranged in rows radiating from the centre 
(fig. 64), and fine granules of calcareous matter are deposited in the 
matrix, Simultaneously with this the osteoblasts underneath the 


' For the methods of staining and embedding 1 and 3, see Appendix, ‘ Embedding 
in Paraffin.’ 
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periosteum deposit a layer or layers of fibrous lamelle upon the surface 
of the cartilage, and these lamellm also become calcified (fig. 64, im). 
As they are formed some of the osteoblasts (0) are included between 
them and become bone-corpuscles, 
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fia. 64.—SECIION OL PHALANGFAI BONL OF HUMAN FGLUS, Al THE LIME O1 
COMMENUING OSSTLICATION (Magnihed about 75 diameters ) 


She cartilage-cells in the centre are enlarged and « parated from one another by dark-looking 
caloified matrix, «m layer of bone deposited unde:neath the penosteum , 0, layer ot 
osteoblasts by which this layer has becn formed Some of the osteoblasts are already em- 
bedded in the new bone as luacunsw ‘The cartilage-cella are becoming enlarged and flattened 
and arranged 1m rows above and below the calcified centie At the ends of the cartilage 
the cells are small and the groups are irregularly arranged , the fibrous periosteum is 
not sharply marked off from: the cartilage 


In the second stage some of the subperiosteal tissue eats its way 
through the newly formed layer of bone and into the centre of the cal- 
cified cartilage (fig. 65,27). This 1s freely absorbed before it, so that 
large spaces are produced which are filled with osteoblasts and contain 
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numerous blood-vessels which have grown in at the same time. The 
spaces are termed medullary spaces, and this second stage may be 
termed the stage of wrruption. 
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Fia 65.~-SEcTION OF PART 0! 
ONE OF THE LIMB-BoNKS 6) 
A FQIAL CAT, AT A MORI 
ADVANCED STAGE OF OSSIKI 
CATION HAN 19 REPRE 
SENTED IN FIa. 64, ANI 
SOMEWHAT MORE NIGH) 
MAGNIFIED, 


The caloification of the cartilage 
matrix has advanced from thi 
centre, and is extending betwee 
the groups of cartilage-celli 
which are arranged m character 
istic rows The subperiostea 
bony deposit (47) has extende 

u with the calcification 
of the cartilage-matnx Thi 

t; cartilage-cells in the primar 

re ) areoire are mostly shrunken an 
y stellate , in same cases they havi 

dropped out of the space. At 2 

and in two other places an irrup 

tion of the subperiosteal tissue 
composed of, ified cells wit! 
osteoblasts & § growing blood 
vessels, has pevietrated the sub 
periosteal bony crust, and ha 
begun to excavate the secondar 
is- »  wreola or medullary spaces, 
fibrous laver of the periosteum 

0, layer of osteoblasts, some o 

them are embedded in the osseou' 

DM layer as bone corpuscles in la 

aed cune , bl blood-vessels occupier 

ys by blood-corpuscles Beyond thi 

( line of ossific advance the perios 
j 
) 


"pian 
@ 


Nem oe 
- 


% Cael 


< see AN 


a 
wt 
= : 7 ve 
- ~ . any “—. 4 7 ~ 
~~“ ea os _ pid 
a : = at] = . ‘ 
Qe oa eens = : 
= sae ; 


2 | 
ara. 
= ah 


a\iidh 
ah 
08.4 teum may be noticed to be dis 
| tinctly incurved This incurva: 
( tion 18 gradually moved on, the 
js cartilage expanding behind it 
: until the head of the bene k 
reached, when it forms the peri 
osteal notch or groove representec 


in fig 66, p 57 


» 
NIRS 


wee) 
peal 7 
yaks 


AT Vita cla oe! at i 
ae oi Beets 


In the third stage of endochondral ossification there is a gradual 
advance of the ossification towards the extremities of the cartilage, 
and at the same time a gradual deposition of fresh bony lamellm and 
spicules on the walls of the medullary spaces, and on the surface of 
the new bone under the periosteum. The advance into the cartilage 
always takes place by a repetition of the same changes, the cartilage- 
cella first enlarging and becoming arranged in rows, the matrix 
between the rows becoming calcified, and then the calcified cartilage 
becoming excavated from behind by the osteoblastic tissue so as to form 
~-~ medullary spaces (fig. 67). The walls of these are at first formed 
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only by remains of the ealcified cartilage-matrix (fig. 67, c), but they 
soon become thickened by lamellm of fibrous bone (6) which are 


Fic. 66,—LonGiruptnaL sec- 
TION THROUGH THE UPPER 
HALF OF THR DECALCIFIED 
HUMERUS OF A FOILAL SHEEP, 
AS BEEN UNDER A MAGNIFY- 
ING POWER OF ABOUT 30 
@MIAMETERS, 


te, the part of the shaft which waa 
primarily ossified in cartilage; 
what remains of the primary 
bone is represented a3 dark, en- 
veloped by the clear seoondary 
deposit. The arcole of the bone 
are occupied by embryoniw mar- 
row with osteob'asta, and blood- 
veasels varioualy cut, represented 
as dark lines. One long straight 
vessel (br) passes in advance of 
the line of ossification far nto 
the cartilaginous, head, most of 
the others loop round close to the 
cartilage. At one or two places 
in the older parts of the bone 
elongated groups of cartilage- 
cells (c) may still be seen, which 
have escaped absorption. am, the 
part of the bone that has been 
ossified in membrane, that 1s to 
say, in the osteoblastic tissue 
under the periosteum. Jt 1s well 
marked off from the central por- 
tion, and 18 bounded, penpherally, 
by & jagged edge, the projections 
of which are indistinctly seen to 
be prolonged by bunches of osteo- 
genic fibros, A row of osteoblasts 
covers the superficial layer of the 
bone. The subperiosteal layer 19 
eae See above into the thicken- 
g (p), which encroaches upon 
the cartilage of the head of the 
bone, and in which are scen, 
amongst numerous osteoblast. 
and a few blood-vessels, the 
straight longitudinal osteogenic 
fibres (of), and some othe. fibres 
(pf) crowing them, and perhups 
representing fibrey of Sharpey. 
The calcareous salts having been 
removed by an acid, the granular 
ossific deposit passing up between 
the rows of cartilage-cells 15 not 
seen in this specimen; 1t would 
have extended as far as a line 
joining the marks x x. Observe 
the general tendency of the o<sc- 
ous trabeculm and the vascular 
channels between them to radiate 
from the original centre of oasifi- 
cation. This is found to prevail 
more or less in all bones when 
they are first formed, although 
the direction of the trabeculre 
may afterwards become modified 
in relation with varying physio- 
logical conditions, and especially 
as the result of pressure in dif- 
ferent directions. 





deposited by the osteoblasts, and between which bone-corpuscles 
become included, as in the case of the subperiosteal bone. The latter 
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advances part passu with the endochondral calcification, but beyond 
this the uncalcified cartilage grows both in length and breadth, so that 
the ossification is always advancing into larger and larger portions of 
cartilage ; hence the endochondral bone as it forms assumes the shape 
of an hour-glass, the cylindrical shape of the whole bone being main- 
tained by additions of periosteal bone to the outside (see fig. 66), The 


Fic. 67,—Parr oF A LONGI- 
ILDINAL SKCTION OF 1HE 
DEVELOPING KAMUR OF TUK 
raBBIT. (Drawn under a 
maguifymg power of 850 
diameters. ) 


a, rows of flattened cartilage-cells; 
b, greatly enlarged cartilage- 
culls close to the advuncing bone, 
the watrix between 18 partly 
calcified, c, d, already formed 
bone, the oaseous trabeculae 
bemg covered with osteoblasts 
(e), exeept here gnd_ there, 
where an ostcocl 18 SCN, 
eroding parts of th "trabecule , 
g, kh vatiage-cella wlich have 
hecome shrunken and irregular 
in shape. Tiom the nnddle of 
the figure downwards the dark 
trabeculez, which are formed of 
caloified cartilage-wmuatrix, are be- 
coming covercd with secondary 
osseous substance deposted hy 
the osteoblast) The vascular 
loops at the extreme limit of the 
bone ure well shown, us well as 
the abrupt disappesrance of the 
¢ irtilage-cells 





absorption of the calcified cartilage-matrix appears to be effected, as is 
the case with absorption of bony matter wherever it occurs, by large 
multinucleated cells (fig. 67, f, f) which are termed osteoclasts. They 
are the same as the myeloplaxes of the marrow. 

The bone which is first formed is more reticular and less regularly 
lamellar than that of the adult, and contains no Haversian systems. 
The regular lamelle are not deposited until some little time after birth, 
aud their deposition is generally preceded by a considerable amount of 
absorption. It is about this time also that the medullary canal of the 
long bones is formed by the absorption of the bony tissue which 
originally occupies the centre of the shaft, 
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After 2 time the cartilage in one or both ends of the long bones begins 
to ossify independently, and the epiphyses are formed. These are not 
joined to the shaft until the growth of the bone is completed. Growth 
takes place in length by an expansion of the cartilage (intermediate car- 
tillage) which intervenes between the shaft and the epiphyses, and by the 
gradual extension of the ossification into it ; in width entirely by the 
deposition of fresh bony layers under the periosteum. In the terminal 
phalanges of the digits the ossification starts, yot from the middle of 
the cartilage, but from its distal extremity. 

For the regeneration of portions of bone which have been removed 
by disease or operation it is essential that the periosteum be left. 


| | | In| 
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Fig. 68.—PARl’ OF THE GROWING RDGF OF THE DEVELOPING PARIKTAL BONL 
OF A 1d rAL CAI, 1$ INCH PONG, 


sp, bony spicules, with some of the osteoblasts embedded in them, producing the lacunse; of, 
osteogenic fibres pro onging the spicules, with osteoblasts (ow) between them and applied 
to them, 


Intramembranous ossification. In this variety of ossification, the 
bone is not preceded by cartilage at all, and therefore no endochon- 
dral bone is formed, but the calcification occurs in a sort of embryonic 
fibrous tissue which contains numerous osteoblasts and blood-vessels 
(fig. 68). The fibres of this tissue (osteogenic fibres), which, like those 
of fibrous tissue, are collected into small bundles, become enclosed in 
a calcareous matrix; and as the fibres grow, the calcification extends 
further and further, so that bony spicules are formed, which, as they 
become thickened, run together to form reticular layers, leaving spaces 
filled with osteoblasts around the blood-vessels. The osteogenic 
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fibres are covered with osteoblasts, and as the bone forms, some of 
these become left as bone-corpuscles within lacune. Thus in every 
particular the development of these bones resembles that of the sub- 
periosteal layer of endochondral bone, which is also to be considered 
as an instance of intramembranous ossification, although taking place 
on the surface of cartilage. Moreover, it is the same subperiosteal 
tissue which deposits the true or secondary bone upon those parts 
of the calcified cartilage-matrix which have escaped absorption; and 
this must also, therefore, be reckoned as developed according to the 
game type. In fact, even in intracartilaginous ossification, very little 
of the calcified cartilage-matrix eventually remains; this being almost 
wholly replaced by true or fibrous bone which has been formed by 
osteoblasts. 
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LESSONS XV. anno XVI. 
STRUCTURE OF MUSCLE. 


LESSON XV. 


1. Take a shred of muscle from a recently killed mammal, and on a dry slide 
carefully separate long pieces of muscular fibre (single fibres if possible) and 
stretch them out, keeping them moist during the process by breathing on the 
slide. Puta drop of serum on the cover-glass blots placing this over the 
preparation. Study first with a low, then with a high power. Sketch all the 
appearances to be seen in a small piece of a fibre, focussing carefully the most 
superficial layers. Notice the oval nuclei immediately under the sarcolemma. 
an allow a little dilute acetic acid to run under the cover-glass and watch 
its effect. 


2. Prepare some fibres of frog’s muscle in the same way, but mount in 
salt solution instead of sernm. Notice the muscular substance shrinking 
away here and there from the sarcolemma, which then becomes distinctly 
ae Sketch a piece of sarcolemma bridging across an interval thus pro- 
duce 


8. Mount in Farrant transverse sections of fresh muscle which have been 
cut whilst frozen, and at once placed in 1 per cent. nitrate of silver solution. 
Take care to prevent the cover-glass from pressing on the sections. Examinc 
first with a low and then with a high power. Sketch the appearances which 
are seen. 

In each of the above preparations measure the diameter of some of the 
fibres. 


_ ——_ — 


LESSON XVI. 


1. Curt off the head of a water-beetle and bisect the trunk with scissors s0 as 
to expose the interior. Notice two kinds of muscular tissue, the one belonging 
to the legs greyish in colour, the other attached to the wings yellowish. 
Preparations of both kinds of muscle are to be made in the same way as living 
mammalian muscle (see previous Lesson), but they are to be mounted either 
without the addition of any fluid or in a drop of the insect’s blood. In both 
preparations the dark-looking air-tubes or traches form prominent objects 
ramifying amongst the fibres. Observe the structure of the two kinds of 
muscle, noting especially the fine fibrils of the wing muscles and the muscle- 
rods in the large fibres of the leg muscles. If the preparation is made quickly, 
waves of contraction will probably be observed passing along the last-named 
fibres. 

The remainder of the water-beetle may be put into spirit (pinned upon a 
cork so that the muscles are well stretched) and preparations made on a 
future day after the manner described in the next preparation. 


3. Place in logwood a small shred of mammalian muscular tissue which 
has been stretched upon a cork and hardened in alcohol. When it is deeply 
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atained, wash it in water and with needles break the fibres up in Farrant’s 
solution into as fine fibrils as possible. Cover and examine with a high 
power. 


8. Tear off a small shred of the muscular coat of a piece of intestine which 
has been from 24 to 48 hours in (4 per cent.) bichromate of potash solution. 
Hold the shred with forceps in a drop of water and fray it out with a needle. 
In this process many cells will be set free and can be seen with a low power. 
The preparation may then be covered and examined with a high power. 
Sketch one of the colls. j{hen allow dilute logwood to pass under the cover- 

lass and lastly a drop of glycerine. Sketch another cell after staining. 
easure two or three cells and their nuclei. 


Voluntary muscle is composed of long cylindrical fibres, measuring 
on an average about =, inch in diameter in mammalian muscles, but 
having a length of an inch or more. Each fibre has an elastic sheath, 
the sarcolemma, which encloses the contractile substance. The sarco- 
lemma is seldom distinct, unless the contained substance becomes 
broken (fig. 69). 





Fic. 70. — MuscuLar 
FIBRE OF A MAMMAL 
EXAMINED FRESH IN 


Fic. 69.—SARCOLEMMA 
OF MAMMALIAN MUS- 
CLE, HIGHLY MAGNI- 


FIED. 


The fibre is represented at 


@ place where the mus- 
cular substance has be- 
come ruptured and has 
shrank away, leaving the 
sarcolemma (with a 
nucleus adhering to it) 
clear. The fibre had been 
treated with serum acidn- 
lated with acetic acid. 


SERUM, HIGHLY MAG- 
NIFIED, THE SURFACE 
OF THE FIBRE BEING 
ACCURATELY Fo- 
CUSSED. 


The nuclei are seen on the 


fiat at the surface of the 
fibre, and in profile at 
the edges. 


o The contractile substance of the fibre is characterised by the alter- 
Hate dark and light stripes which run across the length of the fibre ; 
‘hence the name, cross-striated or striped muscle. On focussing, it 
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can be seen that the stripes pass through the whole thickness of the 
fibre; they may therefore be looked upon as representing alternate 
disks of dark and light substance. If the surface be very carefully 
focussed, double rows of granules are seen lying in or at the bounda- 
ries of the light streaks, and very fine longitudinal lines may, with a 
good microscope, be detected running through the dark streak, and 
uniting the minute granules (fig. 70). These fine lines, with their 
enlarged extremities the granules, are known as muscle-rods ; they are 
more conspicuous in the muscles of insects. 





Fig. 72 —Draanawn - 
ric REPRESENT ALION 
OF A MUSCLE CASI. 

en, MUSIC prism, consist- 
ing of a buble Of mux le- 
1ods, @, uid substance. 
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Fia 71 —Porriow or A MEDIUW- 
SIZuD HUMAN MUS ULAR FIBRF, 
SHOWING THE INTERMEDIATE 
LINL MENDIONED IN TH# TEX]. 


If instead of focussing the surface of the fibre it be observed in its depth, 
a different appearance is frequently visihlc, namely a fine dottod line bisecting 
each clear stripe (fig. 71); but this appearance 1s probably due to an optical 
effect caused by the light being transnuitted between disks of different 
refrangibility. 

The fine line bisecting the clear stripo is, however, taken by many histolo- 
gists to represent a definite structure, and is often known as Krause’s mem- 
brane, having been described by Krause as connected with the sarcolemma and. 
dividing the muscle-fibre into so many flat compartments. Krause further de- 
scribed these compartments as divided longitudinally by fine membranes, so 
that the muscle-substance may, according to him, be regarded as composed of 
little cylindrical ‘ cases’ (fig. 72) each containing in the centre a portion of the 
dark disk, and, above and below this, portions of the light disks (which are 
fluid according to this author).! 


1 For other views regarding the structure of striated muscular fibre, the student 
is referred to Quasn’s Anatomy, 9th edition, yol. ii. pp. 127 to 129. 
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Basides the sarcolemma and striated substance, a muscular fibre also 
exhibits a number of oval nuclei which have the usual reticular structure 
of celi-nuclei. Sometimes there is a little granular substance (proto- 
plasm) at each pole of the nucleus. In mammalian muscle the nuclei 
lie immediately undor the sarcolemma (figs. 69, 70), except in certain 
fibres, e.g. those which compose the red muscles of some animals, such 
as the hare and rabbit, and which occur scattered ainongst the ordinary 
fibres in mammalia generally. In these the nuclei are distributed 
through the thickness of the fibre, and ilus 1s also the case in all the 
muscular fibres of the frog. 

The transverse section of a muscle shows the fibres to be nearly 
cylindrical in figure. Between the fibres there is a certain amount of 
areolar tissue, which serves to support the blood-vessels and also unites 
them into fasciculi; the fasciculi are again united together by a larger 
amount of this intramuscular connective tissue. 

On examming the transverse section of a fibre with a high power, 
it is seen to be subdivided everywhere into small angular fields, the 
areas of Cohnhem. These probably represent sections of the longi- 
tudinal fibrdls into which a muscular fibre sphts after death, or after 
being hardened in certain reagents, e.g. alcohol, chromic acid, or osmic 


acid. 
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Fic. (8.—SLC TION OF A MUSCUIAR FIBLL ait “alsicont 7 
SHOWING ARLAS OF CUNNHEIM. 





Fig. 74—Livinc MUS LE Or WATER- 
BELTIE (DY fIs(t4 MARGINALIS). 
(Highly magnified ) 


& sarcolemma; «, dim stripe, 6, bright 
stripe, c, row of dots im bright s 
which seem to be the enlarged enas of 
rod-shaped particles, d 


In the muscles of insects the stripes are relatively broad, and their 
structure can be more readily seen than in mammals. In the living 
fibres from the muscles of the legs, the appearance of fine longitudinal 
lines traversing the dark stripes, and terminating within the light 
stripes in rows of dots, is very obvious. When the fibres contract, the 
light stripes are seen. as the fibre shortens and thickens, to become 
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dark, an apparent reversal being thereby produced in the stria. This 
reversal is due to the enlargement of the rows of dark dots, and the 
formation by their juxtaposition and blending of dark disks, whilst the 
muscular substance between these disks has by contrast a bright 
appearance. 

The wing-muscles of insects are easily broken up into very fine 
fibres or fibrils, which also show alternate dark and light strie. The 
number and relative thickness of these differ, kowever, considerably, 
according to the amount of stretching of the fibres (fig. 75). Muscle- 
rods are not seen in these fibres. 





Vic. 76 —Fier’3 OF IHK WING-MUSC BRS OL AN INSECT. 


The fibres are in difterent conditions of extension, fiom A least extended, to D most t\- 
tended ¢,e,« hief substance of the fibre, m, m, termediate lines or disks; the light 
bands, br, on either stde of these only come to view when the fibre 18 sufficiently stretched 
(C); with further extension (D), the middle of the dark band appears lightir, A. 


In muscular tissue which has been hardened in alcohol and certain 
other reagents, the structural appearances aie a good deal altered from 
those of the living muscle, although the cross-striew are still very obvious. 
There is also a considerable tendency for the fibres to split up longi- 
tudinally into fibrels, and by some authorities the finest of such fibrils 
are regarded as the ultimate elements of the fibre. Certain other 
reagents, such as dilute hydrochloric acid, cause a, transverse splitting 
of the fibres into disks, and these effects of reagents led Bowman to form 
the opinion that the muscular substance may be in reality composed of 
minute prismatic particles set side by side in rows or planes to form 
the disks, and adhering end to end longitudinally to form the fibrils. 
To these constituent particles of the muscular substance he gave the 
name of ‘ sarcous elements.’ 

When living muscular fibres are examined by polarised light, the 
whole of the muscular substance except the muscle-rods is seen to be 
doubly refracting, looking bright in the dark field produced by crossing 
the axes of the Nichol’s prisms. Contracted muscle and dead muscle 
show, however, alternate bands of dark and light under those circum- 
stances. 

Ending of muscle in tendon.—A small tendon-bundle passes to 

F 
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each muscular fibre and becomes firmly united with the sarcolemma, 
which extends over the end of the fibre (fig. 76). Further, the areolar 
tissue between the tendon-bundles is continuous with that which lies 
between the muscular fibres, so that the connection of a muscle to its 
tendon is very firm. 





Fig. 76.—TERMINATION OL A MUS 
CULAR BIBRE IN LLNDON. 


m, sarcolemma ; ¢, the arias membrane 
passing over the end of the fibre, p : me are 
extremity of muscular substauce fe Fig. 77 —Cat neni VESSEL a Or 
retracted from the lower end of the MUSCLE. 
sarcolemma tube, ¢, tendon-bundle 
passing to be fixed to the sarcolemma, 





Blood-vessels of nviscle.—The capillaries of the muscular tissue are 
very numerous. They run, for the most part, longitudinally, with 
transverse branches, so as to form long oblong meshes (fig. 77). In 
the red muscles of tho rabbit and hare, the transverse capillaries have 
small dilatations upon them. No blood-vessels ever penetrate the 
sarcolemma. 

Lynvphatic vessels, although present in the connective-tissue sheath 
(perimysium) of a muscle, do not penetrate between its component 
fibres. 

The nerves of voluntary muscles pierce the sarcolemma and ter- 
minate in a ramified expansion known as an end-plate (see Lesson 
XIX.). 
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Voluntary muscular fibres are developed from embryonic ceils of 
the mesoderm, which become elongated, and the nuclei of which become 
multiplied, so as to produce long multi-nucleated fusiform or cylindrical 
fibres. These become cross-striated at first along one side, the change 
gradually extending around the fibre and also towards the centre; 
but the middle of the fibre, to which the nuclei are at first confined, 
remains for some time unaltered (fig. 78). Eventually the change in 
structure extends to this also, and the nuclei pang gradually to occupy 
their ordinary position under the sarcolemma, which by this time has 
become formed. 
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Fic. 78.—DEVELOPING 


MUSC ULAR FIBRE, 
FROM FaTUS OF 2? 
MONTHS, 


p, central protoplasm with 
several nuclei, n, scat- 
tered in it; *, commen- 
cing sarcolemma, with 
striated muscular sub- 
stance developing m- 
mediately beneath it. 


Fic. 79.—MUSCULAR EFLBRE-CELLS FROM THE MCN U- 
LAR COAT OF THE SHALL INTESTINE, HIGHLY MAG- 
NIFIED. 


A. A complete cell, showing the nucleus with intra-nuclear 
network, aud the longitudinal fibrillation of the cell-sub- 
stance, with finely vacuolated protoplasm between the fibrils. 
B. A cell broken in the process of isolation ; the delicate 
enveloping membrane projects at the brokcu end a little 
beyond the substance of the cell. 





Involuntary or plain muscular tissue is composed of long, some- 
what flattened, fusiform cells (fig. 79), which vary much in length, but 


are usually not more than ;}, inch long. Each cell has an oval or 
¥2 
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rod-shaped nucleus, which shows the usual intra-nucloar network and 
commonly one or two nucleoli. The cell-substance is longitudinally 
striated, but does not exhibit cross-strie like those of voluntary muscle. 
There appears to be a delicate sheath to each cell. There is a little 
intercellular cementing substance uniting the cells together, and which 
can be stained by nitrate of silver. The fibres are collected into fas- 
ciculi. 

Plain muscular tigsue is found chiefly in the walls of hollow visceea ; 
thus it forms the muscular coat of the whole of the alimentary canal 
below the cesophagus, and occurs abundantly in the muscular coat of 
that tube also, although it is here intermixed with cross-striated 
muscle; it is found also in the mucous membrane of the alimentary 
canal; in the trachea and its ramifications; in the urinary bladder 
and ureters; in the uterus, Fallopian tubes, and ovary; in the pro- 
state, the spleen, and muscle of Muller in the orbit, and in the ciliary 
muscle, and iris. The walls of gland-ducts also contain it, and the 
middle coat of the arteries, veins, and lymphatics is largely composed 
of this tissue. It occurs also in the skin, both in the secreting part of 
the sweat-glands, and in small bundles attached to the hair-follicles ; 
in the scrotum if is found abundantly in the subcutaneous tissue 
(dartos), 

The muscular tissue of the heart constitutes a sy \cial variety of 
involuntary muscular tissue (cardiac), and will be described along with 
that organ. 
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LESSON XVII. 
STRUCTURE OF NERVE-FIBRES. 


1. Trask a piece of fresh nerve in saline solution, injuring the fibres as little 
and obtaining them as long and straight as possible. Study the medullated 
fibres, carefully noticing all the structures that are visible—viz., nodes ot 
Ranvier, nuclei of primitive sheath, double contour of medullary sheath, 
medullary segments, &c. Measure the diameter of half a dozen fibres. Draw 
a short length of a fibre very exactly. 


2. Prepare a piece of the sympathetic nerve in the samo way. Measure 
and sketch as before. 


8. Separate (in dilnte glycerine or Farrant) into its fibres a small piece of 
nerve that has been twenty-four hours in 4 per cent. osmic acid. The nerve 
should have been moderately stretched on a piece of cork by means of pins 
before being placed in the acid. Keep the fibres as straight as possible and 
only touch them near their ends with the needles. Sketch two portions of a 
fibre under a high power, one showing a node of Ranvier and the other a 
nucleus of the primitive sheath. Look for fibres of Remak. Measure the 
length of the nerve-segments between the nodes of Ranvier. 


4. Mount in Canada balsam sections of a nerve which has been hardened 
in picric acid and stained with picro-carmine. The nerve should have been 
stretched out before being placed in the hardening solution. Examine the 
sections first with a low and afterwards with a high power. Notice the 
lamellar structure of the perineurium, the varying size of the nerve-fibres, 
the axis cylinder in the centre of each fibre, kc. Measure the diameter of 
five or six fibres, and sketch a small portion of one of the sections, 


Nerve-fibres are of two kinds, medullated and non-medullated. The 
cerebro-spinal nerves and the white matter of the nerve-centres are 
composed of medullated fibres; the sympathetic and its branches is 
chiefly made up of non-medullated. 

The medullated or white fibres are characterised, as their name 
implies, by the presence of the so-called medullary sheath or white 
substance. This is a layer of soft substance, chiefly of a fatty nature, 
which encircles the essential part of a nerve-fibre, viz. the aris-cylinder, 
Outside the medullary sheath is a delicate but tough homogeneous 
membrane, the primitive sheath or nucleated sheath of Schwann, but 
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this is not present in all medullated fibres, being absent in those which 


are within the nerve-centres. 
The meduilary sheath is composed of a highly refracting fatty 





Fig. 80.—WHITE OR MEDULLATED 
NERVE - FIBRES, SHOWING 1HE 
BINUOLS OUTLINE AND DOUBLE 
CONTOT RS. 


Fra. 81.—PorTIONS OF TWO NERVE: FIBRES 
STAINED WITH O8MIC ACID (FROM A 
YOUNG RABBIT), (425 diameters.) 


rn, ®. Nodes of Ranvier, with axis-cylinder 
passing through. «, primitive sheath of 
the nerve, c, opposite the middle of the 
segment, indicates the nucleus and proto- 
plasm lying between the primitive sheath 
and the medullary sheath. In A the nodes 
sre wider, and the interaegmental substance 
more apparent than in B. 





material, which gives a characteristic dark contour and tubular appear- 
ance to the nerve-fibres. It affords a continuous investment to the 
axis-cylinder, except that it is interrupted at regular intervals in the 
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Mat 
ihe | 
hi 
Fru 82—A svar} PARI Ol A MFDUL- 
TAIKD FIBRL, HIGHLY MAGNIFIED 


The fibre looks in aptical section like a tubc— 
henoe the term tubular formerly apphicd to 
these fibres Two partial brcxwhes of con 
tinuity are seen im the medullary sheath 
which at these places cxlubits a tendency to 
split into laminee The primitive sheath 18 
here and there apparent oate1de thc medu! 
Jary bheath, and the delicate stma which 
are visible in the middle of the fibre pro 
bably indicate the fibrilatcd axis cylinder 





Fic, 84 —Two rorions OF MEDULLATED 
NERVE-HIBRFS, AFIER ‘TREATMENT 
WITH OBMIC ACID, SHOWING THE AXIS- 
CYLINDER, AND PHI MEDUILARY AND 
PRIMITIVE SHEATIES, 

A. Node of Ranvier 2B. Middle of an inter 


node with nucleus, c, axis-cylinder, pro 
jectmg, p, pramitive sheath withm which Fig. 83, ~— NERVE 





course of the peri- 
pheral nerve-fibres, 
the axis-cylinder at 
these places being 
encompassed only by 
the primitive sheath. 
Hence the primitive 
sheath appears at 
these spots to pro 
duee a constriction 
wu the nerve-fibre, 
and the interruptions 
of the medullary 
sheath are accoid- 
ingly known as the 
constrictions or nodes 
of Ranvier (fig. 81, 
k, B; fig. 83, L), the 
term nodes bemg ap- 
plied from the resem- 
blance which they 
bear to the nodes 
of a bamboo. The 
length of nerve be- 
tweon two successive 
nodes may be termed 
an internode ; in the 
middle of each iter- 
node is one of the 
nuclei of Schwann’s 
sheath, Besides 
these interruptions 
the medullary sheath 
shows a variable 
number of oblique 
clofts (fig. 883) which 
subdivide it into 
uregular portions, 
which have been 
termed medullary 
segments, but there 
is reason to believe 
that the clefts are 
artificially produced. 
Osmic acid stains the 


- medullary sheath 


FIBRK = SJ AINED 
the medullary sheath, which is steamed dark black, 


by the owmic acid, is somew hat retracted, WILH O8MIC ACID 
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The avis-cylinder, which runs along the middle of the nerve-fibre, 
is a soft transparent thread which is continuous from end to end of 


the nerve. 
On account of the peculiar refractive power of the medullary sheath 





Fig. =85, — AX19- 
CYLINDER, HIGHLY 
WAGNIFIKD, SHOW- 
ING THE FIBRILS 
COMPOUING IT. 





Fra. 87.—A SMALL BUNDLE OF 
NERVE-FIBRFS FROM ‘THE 


AY > 
Fic, 86.— Portion OF THE SYMPATHETIC NERVE. 


NETWORK OF FIBRES OF 


ReEMAK FROM THE PNRUMO- The ae is Sa al of rele 

bog nerve-fibres, re exception 

Paste Oe ae 7 of the fibre m,m, which is en- 

m, nucleus; , protoplasm sur- closed here and there by a thin 

rounding it; 6, strintion caused medullary sheath; n, n, nuclei 
by fibrils. of pale fibres. 


it is difficult to see the axis-cylinder in the fresh nerve except at the 
nodes, where it may be observed stretching across the interruptions in 
the medullary sheath, and it may also sometimes be seen projecting 
from a broken end of a nerve-fibre. It is longitudinally striated, being 
really made up of exceedingly fine fibrils (ultimate fibrils, fig. 85), 
which are darkly stained by chloride of gold. Staining with nitrate 
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of silver produces a curious transversely striated appearance in the axis- 
cylinder, but it is not known if this indicutes a pre-existent structure. 

Intermingled with the medullated fibres there may always, even in 
the cerebro-spinal nerves, be found a certain number of pale fibres devoid 
of the dark double contour which is chavacteristic of the presence of 
a medullary sheath. There are the non-medullated fibres, also called, 
after their discoverer, fibres of Remak (fig. 86), They frequently branch, 
which the medullated fibres never do except near their termination, 
and they are beset with numerous nuclei which perhaps belong to a 
delicate sheath. The sympathetic nerve is in many animals chiefly 
made up of fibres of this nature, but in some animals, on the other 
hand, most of the fibres of the sympathetic possess some small amount 
of medullary sheath (fig. 87). 





Fig. 88.—SECLION Ok THE SAPHENOUS NERVE (HUMAN), MADE AFTER BEING 
STAINED IN OSMIC: ACID AND AUBSFQUENTLY HARDENED IN ALCOHOL. 
(Drawn as seen under a very low maguify ing power.) 

ep, epineurium, or general sheath of the nerve, consistingeof connective-tissue buniles of 
variable size separated by cleft-like areole, which appear as a network of clear lines with 
here and there fat-cells and blood-vessels : 7, 4% funiculi enc'osed in their lamellated 
connective-tissue sheaths (pertneuriuin, p); end, interior of funicults, showing the cut 
ends of the medullated nerve-fibres, which are embedded {n the connective tissue within 
the funiculns (endoneunum). The fat-cells and the nerve-fibres are darks stained by the 
osmic acid, but the connective tissue of the nerve is unly slightly stamed. 


Structure of the nerve-trunks.—In their course through the body 
the nerve-fibres are gathered up into bundles or fwniculi, and the 
faniculi may again be united together to form the nerves which we 
ineet with in dissection. The connective tissue which unites the 
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funiculi and invests the whole nerve, connecting it to neighbouring 
parts and conveying to it blood-vessels, lymphatics, and even nerve- 
fibres destined for its coats, is termed the epinewriwm (fig. 88, ep). 
That which ensheaths the funiculi is known as the perineurium (fig. 
88, per). It has a distinctly lamellar structure (fig. 89, p), the lamellx 





Fic. 89.—PAnT OF A SLO TION OF ONE OF TIIK FUNICULI OF THE SCIATIC NERVE 
OF MAN. (Magnified.) 

P, perineurium, consisting of a number of closely arranged lamelle. Zn, processes from the 
perinenrium, passing into the interior of the funiculus, and becoming continuous with the 
endoneurium, or delicate connective tissue between the nerve-hbres. The connective- 
tissne fibrils of the endoncurium are secon cut across as fine points, often appearing to en- 
sheath the nerve-fibres with uw circle of minute dots (fibml-sheath of Key and Retz). 
Nuincrous nuclei of connective-tissue cells are embedded in the endoneurium 5; v, section 
ot a blood-vessel, 


being composed of connective tissue and covered on both surfaces by 
flattened epithelioid cells (fig. 90). Between the lamelle \nre clefts for 
the conveyance of lymph to the lymphatics of the epineurlum. The 
delicate connective tissue which lies between the nerve-fibres of the 
funiculus is the endoneurium (fig. 88, end; fig. 89, in). It assists in 


Fic. 90. — NERVE-FUNICULLS 
SIFAINED WITH NITRATE OF SIL- 
VKR, SHOWING THE OUTLINES OF 
LPITHELIOID CKLL8 OF THE 
PERINEURIUM, 


The dark crosses on the nerve-fibres at 
the nodes of Ranvier are due to the 
staining of the axis-cylinder and of 
e band of Intercellular substance 
which encircles the axis-cylinder st 
the node (constricting band of Run. 
vier). 





supporting the longitudinally arranged meshwork of blood-capillaries, 
and ifs interstices communicate with the lymphatic clefts of the 
perineurium, 
The nerve-trunks themselves receive nerve-fibres (nervi nervorwm) 
roe ramify chiefly in the epineurium and terminate in this in end- 
titbs. 
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° LESSON XVIII. 
STRUCTURE OF NERVE-CELLS. 


1, Tease in Farrant’s solution or in dilute glycerine a small piece of a spinal 
ganglion that has been preserved with osmic acid. Notice the spheroidal 
ganglion-cells; their large nuclei and distinct nuclooli. Look for cells which 
still retain the axis-cylinder process and for T-shaped junctions of norve- 
fibres with this. 


2. Prepare a piece of sympathetic ganglion in the same way. Cells may 
be found with three or more axis-cylinder processes. If from a rabbit observe 
that the cells are bi-nucleated. 


8. Mount stained sections of ganglia in Canada balsam. These will serve 
to show the arrangement of the cells and fibres in a ganghon and the 
nucleated sheaths around the nerve-cells. 


4, Tcase out a portion of the groy matter from a piece of spinal cord that 
has beon a day or two in dilute chromic acid (3, per cent.), Before covering, 
Jook for the nerve-cells with a low power, and if possible get out one or two 
clear of the surrounding substance. Mount in water with a thick hair under 
the cover-glass. Notice the large branching cells some with a mass of pig- 
ment near the nucleus, Observe the fibrillation of the cell-processes. Notice 
also the reticular character of the tissue in which the cells are embedded. 
Many axis-cylinders will be seen in this preparation deprived wholly or 
ee of their medullary sheath, and their fibrillar structure can then also 

e well seen. Carefully sketch theso appearances, To keep this preparation 
run very dilute logwood solution or osunic acid under the cover-glass, and 
when the cells are stained allow a drop of glycerine to pass in by diffusion. 

Measure two or three cells in each of the above preparations. 


Nerve-cells only occur in the grey matter of the nerve-centres, and 
in little groups on the course of certain of the peripheral nerves, these 
groups often causing nodular enlargements of the nerves, which are 
known as ganglia. The most important ganglia are those which are 
found upon the posterior roots of the spinal nerves, upon the rcots of 
some of the cranial nerves, and upon the trunk and principal branches 
of the sympathetic nerve. Minute ganglia are also found very nume- 
rously in connection with the nerves which are supplied to involuntary 
muscular tissue, as in the heart, alimentary canal, bladder, uterus, de. _ 

Nerve-cells vary much in size and shape; they are mostly large, Y 
some being amongst the largest cells met with in the body, — 
others are quite small. The nucleus is generally large, clear, ; 
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spherical, with a single large and distinct nucleolus. The shape 
depends a good deal on the number of processes, and the manner 
in which they come off from the cell. If there is but one process, 
the cell is generally spherical. This is the case with the cells of the 





Fic. 91.—CELL FROM A SPINAL GANGLION. 


sh, nucleated sheath of the cell; mn, 2’, the nerve fibre which the single process of the cell, 
aftcr a number of culls, Jom, 





Fie 92.—GANG110N CFLL O1 A Fia. 98.—A GANGITION-CEIT. WrIHIX ITS 
FROG, HIGHLY MAGNIFIAD. SHEATH } FROM 1THK HUMAN SYMPALHETIL. 


a, a, straight fibre; %, 6, coiled fibre; (Lighly magnified.) 
¢, sraaller one joining it. 


spinal ganglia (fig. 91); in these the single process, after a short 
course, joins one of the nerve-fibres which is traversing the ganglion. 
‘When there are two processes, they often go off in opposite directions 
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from the cell, which is thus rendered somewhat spindle-shaped, but 
occasionally they emerge at the same part, and the cell, being tapered 
in their direction, becomes pyriform (fig. 92). In these cases one fibre 
often coils spirally round the other (fig. 92, b) before they separate to 
proceed in opposite directions as the axis-cylinders of nerve-fibres. 
When there are three or more processes, the cell becomes irregularly 
angular or stellate. Sometimes, as in the sympathetic ganglia (fig. 98), 
ail the processes appear to become nerve-fibres, but in other instances, 
as in the large gellg of the grey matter of the spinal cord, only one 





Fie. 94 —NFRV¥ CELL FROM SPINAL CORD OF OX, ISOLALFD APTER MACLRATION 
IN VERY DILULE CHROWIC ACID. (Magnified 175 diameters.) 


Te cell has a well-defined, clear, round nucleus, and a bright nucleolus The cell processes 
are sccu to be finely fibrillated, the fibrils passing from one process into another through 
the body of the cell. a, axis-cylinder process broken a short distance from the cell 


process becomes the axis-cylinder of a nerve-fibre (process of Deters), 
the others dividing and subdividing in a ramified manner until their 
further course can no longer be traced. Their ultimate branches 
appear to lose themselves in a network which pervades the whole of 
the grey matter. 

According to the number of their processes, nerve-cells are termed 
uni-, bi-, or multi-polar. 

Many nerve-cells, and notably those of the spinal cord, have a finely 
fibrillar structure. The fibrils can be traced into the branches of the 
cells and into the axis-cylinders of nerve-fibres which are connected 
with the cells (fig. 95). Otherwise the cells have a finely granular 
appearance ; often with a clump of black, brown, or yellow pigment- 
granules placed at one side of the nucleus. 
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In the ganglia the nerve-cells have a nucleated sheath (figs. 91- 
98) which is continuous with the primitive sheath of the nerve-fibres 
with which they are connected. In the spinal ganglia, and in many of 
the ganglia at the roots of the cranial nerves, the cells are unipolar, 


Fic, 95,—AX1s-C YLINDPK 
PROCESS OF NERVE- 
(FLL. 


xX, ™, portion of nerve 
cell, a,  axis-cylinder 
process, a, medullary 
Atenas Highly magni- 
he 





and the cell-process joms a traversing nerve-fibre by a T-shaped 
junction (fig. 91). In the sympathetic ganglia they are multipolar. 

he cells are disposed in aggregations of different size, separated by 
the bundles of nerve-fibres which are traversing the ganglion (fig. 96). 
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The ganglion if large 1s enclosed by an investing capsule of connective 
tissue which is continuous with the epi- and pen-neurrum of the 
entering and issuing nerve trunks. 

The structure of the nerve centies and the arrangement of the 
cells and fibres in them are given in Lessons XXXVI. to XXXIX. 





lie 96 —L ONGTILUE DIN AD SEC LION THEOULCH IDF WIDDIT OL A GANGTION ON 
IHE LOSLE RIOR ROOL OF ONT OF THT SACRAL NERVES OL LUF DOG, AS 
SKIN UNDFR A LOW MACNIEYING EOWELR 


@ nerve root entering the ganglion 6 fibres leaving tle ganglion 1) Jom the mixel spinal 
nerve c¢ connective tissne cc it of the ginghon 7 ymuciyal group cf nerve cells wath 
fibres passing down trom wn) n.st the cells probably to unite with the longitudinally 
coursing nerve fibres by To haye l yunctions 


Development —The cclls and fibres of the nervous tissue are 
developed from cells derived from the ectoderm or epiblast of the embryo. 
The nerve fibres are at first developed as pale fibres like the fibres 
of Remak, 1¢ 1s uncertain whether they aio formed by the coalescence 
of a number of cells, 0. whether they grow out as the processes of 
nerve cells The medullary sheath 13 subsequently added 

When a nerve 1s cut, the fibres beyond the section as far as their 
terminations undergo a process of degeneration, the medullary sheath 
being bioken up and the axis cylinder mterrupted and eventually 
absorbed. New nerve fibres are at length produced by a growth of the 
axis cylinders in the proximal end of the nerve. 
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LESSON XIX. 
MODES OF *THRMINATION OF NERVE-FIBRES. 


1. SHELL out a Pacinian corpuscle from a piece of cat’s mesentery which has 
been kept for two or three days in 3, por cent. chromic acid, and clear it as 
much as possiblo of adhering fat, but be careful not to prick or otherwiso 
injure the corpuscle itself. Mount in water with a thick hair to prevent 
crushing with the cover-glass. Sketch the corpuscle under a low power, and 
afterwards draw under a high power the part of the core where the nerve 
enters and the part where it termmates. Notice the fibrous structure of the 
lamellar tunics of the corpuscle and the oval nuclei belonging to flattened 
epithelioid cells which cover the tunics. The distinct lines which when seen 
in the fresh corpusclo are generally taken for the tunics, are really the optical 
sections of these flattened cells. 


2. Mount in Farrant one or more sections of a rabbit’s cornea which has 
been stained with chloride of gold. Notice the arrangement in plexuses of 
the darkly stained nerve-fibres and fibrils, (1) in the connective-tissue sub- 
stance, (2) under the epithelium and (8) betweon the epithelial cells. Make 
one or two sketches showing the arrangement of the fibrils. 


8. Spread out a small piece of muscle which has been stained with 
chloride of gold by Lowit’s method, and examine it with a low power to find 
the nerve-fibres crossing the muscular fibres and distributed to them. 

Try and separate those parts of the muscular fibres to which nerves 
appear to go, and inount them in glycerine. Search thoroughly for the close 
terminal ramifications (end-plates) of the axis-cylinders immediately within 
the sarcolemma. 

It is rather difficult to dissociate the fibres, and much patience is some- 
times required in searching for the nerve-terminations, but when they are 
found the trouble is amply repaid.! 


Modes of ending of sensory nerve-fibres.—Nerve-fibres which are 
distributed to sensory parts end either in special organs or in terminal 
ramifications or plexuses. There are three chief kinds of special 
organs, termed respectively Pacinian corpuscles, tactile corpuscles, and 
end-bulbs. In the tactile corpuscles and end-bulbs the connective- 
tissue sheath of a medullated fibre expands to form a somewhat solid 
bulbous enlargement, which 1s either cylindrical or spheroidal in the 
end-bulbs and ellipsoidal in the tactile corpuscles. In both kinds of end- 
organ there is a capsule of connective tissue within which is generally 
a sort of core containing numerous nucleated cells. As the nerve-fibre 
enters the corpuscle (which in the tactile corpuscle only happens after 
it. has reached the distal part of the corpuscle having wound spirally 


' For methods of staining with chloride of gold see Appendix. 
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once or twice round it) it loses its sheaths and is prolonged as an axis- 
_ cylinder only, which terminates after either a straight or a convoluted 
course within the organ (see figs. 98 to 101). Tactile corpuscles occur 





Fic. 97.—SECTION OF SKIN SHOWING TWO PAPILL.E AND DEEPER LAYERS OF 
EPIDERMIS. 
a, vascular papilla with capillary loop passing from subjacent vessel, c; 6, nerve-papilla with 


tactile corpuscle, ?. The latter exhibits transverse fibrous markings 3 ; qd, nerve passing up 
to it ; 7, 7, sections of spirally winding nerve-fibres. 





¥1G, 98.—TACTILE CORPUSCLE Fic. 99..—-SimpLt TACTILE Fig. 100.—CYLINDRICAL 
WITHIN A PAPILLA OF THE END-ORGANS FROM THE END-BULB FROM THB 
SKIN OF THE HAND, STAINED CLITORIS OF THE RABBIT. CONJUNCTIVA OF THE 
WITH CHLORIDE OF GOLD. CALF. 

The convolutions of the nerve- * 


fibres within the corpuscle are 
, seen. Ep, epidermis. 





Fic. 101.—Enp-BULB FROM THE HUMAN Fig, 102.—TAc TILE CORPUSCLES FROM THE 


CONJUNCTIVA. DUCK’S TONGUE, 
le; the outlines of A, composed of three ce!ls, with two interposed 
ba helen aang ay sali aky catering ‘abre, disks, into which the axis-cylinder of the nerve, 
branching, and its two divisions passing to n, is observed to pass; in B there is but ono 
terminate in the core at d. tactile disk enc!osed between two tactile cells. 





Tt & 


Fig. 104.—ParT oF PACINIAN BODY, SHOWING 
THE NERVE-FIBRES ENTERING THE CORE. 
FROM AN OSMIC AOID PREPARATION, 


ms, entering nerve-fibre, the medullary sheath of 
which is stained darkly, and ends abruptly at the 





=e NIFIE sw OF A core; pé, prolongation of primitive sheath, passing 

he 108. gees Coie aa CAT'S towards the outer part of the core; c.f, axie-cylin- 

plata der passing through the core of the central : 

MESENTERY. ", pone hs bit tari tunics - the core ag ie 
to the where they abat against the cana ugh w 

as oraie nebitg Se ecailaciee are the nerve-fibre the dota within them are 

also seen fesuing from it between the rections of the fibres of which they are composed ; 


n, nuclei of the tunica; n/, nuclei of the endo- 
neurium, continued by others in the outer part of 
the core, 
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in some of the papille of the skin of the hand and foot, in sections of 
which they may be afterwards studied (see Lesson XXIII.) End-bulbs 
are found in the conjunctiva of the eye, where in most animals they 
have a cylindrical or oblong shape (fig. 100), but in man are spheroidal 
(fig. 101), They have also been found in papillm of the lips and 
tongue, and in the epineurium of the nerve-trunks, and somewhat 
similar sensory end-organs also occur in the integument of the external 
genital organs of both sexes (fig. 99). In the gkin covering the bill, 
and in the tongue of certain birds (e.g. duck), a simple form of end- 
organ occurs, consisting of two or more cells arranged in rows within 
a capsule, with the axis-cylinder terminating in flattened expansions 
between the cells (corpuscles of Grandry, fig. 102). 

The Pacinian corpuscles are larger, and have a more complex 
structure, than the tactile corpuscles and end-bulbs (fig. 108). They 
are composed of a number of concentric coats arranged like the layers 
of an onion, and enclosing the prolonged end of a nerve-fibre. A single 
medullated nerve-fibre goes to each Pacinian corpuscle encircled by 
a prolongation of perineurium, and within this by endoneurium ; when 
it reaches the corpuscle, of which it appears to form the stalk, the 
lamelle of the permeurium expand to form some of the tunics of the 
corpuscle. The nerve passes on, piercing the other tunics, and still 
provided with medullary sheath, and surrounded by endoneurium, to 
reach the centre of the corpuscle. Here the endoneurium is prolonged 
to form a sort of soft cylindrical core, along the middle of which the 
nerve-fibre, now deprived of 1ts medullary and primitive sheaths, passes 
in a straight course as a simple axis-cylinder (fig. 104, c. f.) to termi- 
nate at the farther end of the core ma bulbous enlargement. Occa- 
sionally the fibre is branched. 

The tunics of the corpuscle are composed of connective tissue, the 
fibres of which for the most part run circularly. They are covered on 
both surfaces with a layer of flattened epithelioid cells, and here and 
there cleft-like lymph-spaces can be seen between them hke those 
between the layers of the perineurium (see p. 74). 

When sensory nerve-fibres terminate in plexuses, they generally 
branch once or twice on nearing their termination. The sheaths of the 
fibres then successively become lost, first the connective tissue or peri- 
neural sheath, then the medullary sheath, and lastly the primitive 
sheath, the axis-cylinder being alone continued asa bundle of primitive 
fibrils (fig. 105, ~). This branches and joins with the ramifications 
of the axis-cylinders of neighbouring nerve-fibres to form a primary 
plexus. From the primary plexus smaller branches (a) come off, and 
these form a secondary plexus (e) nearer the surface, generally imme- 
diately under the epithelium if the ending is in a membrane covered by 
that tissue. Finally, from the secondary plexus nerve-fibrils proceed 
and form a terminal plexus or ramification amongst the epithelium. 
cells (fig. 106, p), the actual ending of the fibrils being generally in 


little knob-like enlargements (6). Such a mode of ending in terminal 
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Fia. 108.—Sun-EPIrHELIAL PLEXUS OF THE CORNEA TREATED WIT | CHLORIDE or 
GOLD. (Ranvier.) 


n, branch of primary plexus; a, small branch passing to join the sub-epithelial plexus, e¢. 
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Fig. 106.—VERTICAL SECTION OF eile STAINED WITH CHLORIDE OF GOLD. 
(Ranvier, ) 


r, primary plexus in connective tissue of cornea; a, branch passing to sub-epithelial plexus, 3; 
Pp, intra-epithelial plexus; 6, terminations of fibrils, 
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plexuses is most characteristically seen in the cornea of the eye. The 
nerve-tibrils may be brought distinctly into view hy staming with 
chloride of gold, and then the fibrillar structure of the ramifications of 
the axis-cylinders also becomes very apparent. 





Fia. 107.—N1I RVL-ENDING IN MUSCLLAR FIBRE O1 A T17AkD (Lacerta 
viridis). 


, end plate seen cdgeways, 5 from the surface, s s, sarcolemma, p p, expantion of atis- 


cylinder, In } the expansion of the axis cylinder appears ab a clear network branching 
from the divisions of the medullated fibres 





Fic. 108 —TERWINAL RAMTHICALIONS OF THT AXIS CYTINDIR IN FADLIALES 
OF MUSULF, STAINED WILH CHLORIDE OF GUID. (Ranvier.) 


Ending of motor nerves.—Lastly the nerves to muscles also ter- 
minate either in special organs or m pleauses. The latter 1s the case 
with the nerves going to involuntary muscle, and here the primary 
plexuses are generally furnished with ganglion-cells in abundance. 
From these other nerve-fibres pass which form secondary plexuses and 
terminal ramifications amongst the contractile fibre-cells. These 


nerves will be more fully studied in connection with the intestine (see 
Lesson XXIX.) 
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In yoluntary muscle the nerves, which are always medullated, ter- 
minate in special organs, the so-called end-plates. A modullated fibre 
will branch two or three times before terminating, and then each 
branch passes straight to a muscular fibre. Having reached this, the 
primitive sheath of the nerve-fibre is continued into the sarcolemma of 
the muscle, the medullary sheath stops short, and the axis-cylinder 
ends in a close terminal ramification with varicosities upon its branches 
(figs. 107, 108). This pamufication is embedded in a granular nucleated 
protoplasmic mass which les between the sarcolemma and the cross- 
striated muscular substance. In some cases the ramification is 
restricted to a small portion of the muscular fibre, and forms with the 
granular bed a slight prominence (eminence of Doyére). This is the 
case in mammals. In the lizard the ramification is rather more 
extended than in mammals, whilst in the frog 1¢ ig spread over a 
considerable length of the fibre. 
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LESSON XX. 
STRUCTURE OF THR I.ARGER BLOOD-VESSELS. 


1. Sections of a medium-sized peripheral artery and vein. In this pre- 
paration the limits of the vascular coats can be well seen and also the differ- 
ences which they present in the arteries and veins respectively. The sections 
may either be stained with hematoxylin and mounted in Canada balsam, or 
they may be stained in dilute magenta and mounted in glycerine and water. 


2. Mount in Canada balsam a thin slice cut from the inner surface of an 
artery which, after having been cut open longitudinally and washed with 
distilled water, has been treated with nitrate of silver solution and exposed to 
the light in spirit. This preparation will show the outlines of the epithelioid 
cells which line the vessel. 


3. A piece of an artery which has been macerated for two or three days 
in 80 per cent. alcohol (1 part rectified spirit to two parts water) is to be 
teased so as to isolate some of the muscular cells of the middle coat and 
portions of the elastic layers (networks and fenestrated membranes) of the 
inner and middle coats. The tissue may be stained cautiously with dilute 
logwood solution, and glycerine afterwards added. The muscular cells are 
recognisable by their irregular outline and long rod-shaped nucleus. Sketch 
one or two and also a piece of fenestrated membrane. 


4. Transverse section of aorta. Notice the differences in structure 
between this and the section of the smaller artery. 


5. Transverse section of vena cava inferior. Notice the comparatively 
thin layer of circular muscle, and outside this the thick layer of longitudinal 
muscular bundles. 

Make sketches from 1, 4, and 5, under a low power, from 2 and 3 under 
a high powcr. 


An artery is usually described as being composed of three conts, 
an iver or elastic, a middle or muscular, and an erternal or areolar 
(fig. 109, b, c, d). It would, however, be more correct to describe the 
wall of an artery as being composed of muscular and elastic tissue 
lined internally by a pavement-epithelium and strengthened externally 
by a layer of connective tissue. For the present, however, we may 
adhere to the generally received mode of description. The inner coat 
of an artery is composed of two principal layers. The inner one is a 
thin layer of pavement-epithelium (often spoken of as the endothelium), 
the cells of which are somewhat elongated in the direction of the axis 
of the vessel (fig. 110), and form a smooth lining to the tube. After 
death they become easily detached. Next to this comes an elastic 
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layer in the form either of elastic networks or of a fenestrated mem- 
brane, in some arteries there is a layer of fine connective tissue in- 
tervening between the epithelium and the fenestrated membrane (sud- 


epithelial layer). 





Fic, 109.—TRANS\ ERSE SECLION OF PART OF THE WAIL OF THE POSTFRIOR TIBIAL 
ARTFRY. (75 diameters.) 


a, epithelial and sub epithelial layers of inner coat, 3, elastic Jay er (fenestrated membrane) of 

ner coat, appearing as o bright line in section , c, mus ular layer (middle coat), d outer 

coat, consisting of connective-tissne bundles In the interstices of the bundles are some 

eee nee nuclei, and, especially near the musculu coat, a naniber ot elastic fibres 
cut acruss 
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Fie. 110-—EPITHELIAL I AYER ITINING Fie. 111—Portiow oF FEWEFsTRA- 
LHF POSTFRIOR LIBIAL ARLFRY. TTD MI MBRANF TROW AN ARTFRY, 
(250 diameters.) (Toldt ) 


a, b, ¢, perforations, 

The middle coat consists mainly of circularly disposed plain mus- 
cular fibres, but it is also pervaded in most arteries by a network of 
elastic fibres which are connected with the fenestrated membrane of 
the inner coat and are sometimes almost as much developed as the 
museular tissue itself, This 1s especially the case with the larger 
arteries such as the carotid and its immediate branches, but in the 
smaller arteries of the limbs the middle eoat is almost purely composed 


of muscular tissue. 


q 
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The outer coat is formed of connective tissue with a good many 
elastic fibres, especially next the middle coat. The strength of an 
artery depends largely upon this coat; it is far less easily cut or torn 
than the other coats, and it serves to resist undue expansion of the 





Fig. 112.—IEXLAsric NET- Fig. 113.—MscULAR FIBRE-CELLS FROM 
WORK OF ARTERY. SUPERIOR THYROID ARTERY, (340 
(Toldt.) diameters. ) 
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Fic. 114.—Secrion OF THORACIC AORTA AS SEEN UNDER A LOW PowER. (Toldt.) 


a, the inner coat consisting of three layers, viz.: 1. Epithelium seen asa fine line, 2. Sub- 
; epithelial. 8. Elastic layers. In the part of the inner coat, at ita junction with the 
middle, a layer of longitudinal muscular fibres is represented as cut across. b, middle coat 

with its elastic membranes; c, outer coat with two vasa Vasorum. 


vessel. Its outer limit is not sharply marked, for it tends to blend 

with the surrounding connective tissue (hence it has been termed 

tumca adventitia). | 
Variations in structure.—The aorta (fig. 114) differs in some 
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respects in structure from an ordinary artery. Its inner coat contdins 
a considerable thickness of sub-epithelial connective tissue, but its 
elastic layers are chiefly composed of fine fibres, and are not especially 
marked off from those of the middle coat, so that the inner and middle 
coats appear almost blended with one another. On the other hand, there 
is a very great development of elastic tissue in the middle coat, this tissue 
forming membranous layers which alternate with layers of the mus- 
cular tissue. A good geal of connective tissue also takes part in the 
formation of the middle coat, so that the wall is unusually strong. 
The inner and middle coats constitute almost the entire thickness of 
the wall, the outer coat beimg relatively thin. 

The other variations which occur in the arterial system chiefly 
have reference to the development and arrangement of the muscular 
tissue. Thus in many of the larger arteries there are longitudinal 
muscular fibres at the inner boundary of the middle coat, and in some 
arteries amongst the circular fibres of the middle coat. This is the case 
in the aorta. In some parts of the umbilical arteries there is a com- 
plete layer of longitudinal fibres internal to the circular fibres and 
another external to them, whilst the amount of elastic tissue is very 
small. Longitudinal fibres are also present in some other arteries 
(iliac, superior mesenteric, splenic, renal, &c.), external to the circular 
fibres, and therefore in the outer coat of the artery, , The larger 
arteries themselves receive blood-vessels, vasa vasorum, bnich ramify 
chiefly in the external coat. Nerves, derived for the most part from the 
sympathetic system, are distributed to the muscular tissue of the 
middle coat. 

The veins (fig. 115) on the whole resemble the arteries in structure, 
but they present certam differences. Jn the aternal coat the same 





Fig. 115.—TRANSVERSE SECFION OF PARIS OF THE WALL OF ONE OF LITE POSTERIOR 
TIBIAL VEINS (MAN). 


a, epithelial and sub-epithelial layers of inner coat, b, clastic layers of inner ooat ; c, middle 
coat consisting of irregulal layers of muscular tissue, alternating with connective tissue, 
and passing somewhat gradually into the outer connective tissne and elastic coat, d, 


layers may be present, but the elastic tissue is less developed and seldom 
takes the form of a complete membrane, The epithelium.cells are 
less elongated than those of the arteries. The middle coat (c) contains 
less elastic tissue and also less muscular tissue, being partly occupied 
by bundles of white connective-tissue fibres. These are derived 
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from the external coat, which is relatively better developed in the veins 
than in the arteries, so that, although thinner, their walls are often 
stronger. 

Many of the veins are provided with valves, which are semilunar 
folds of the internal coat strengthened by a little fibrous tissue: a few 
muscular fibres may be found in the valve near its attachment. The 
layer of the inner coat is rather thicker, and the epithelium-cells are 
nfore elongated on the side which is subject to friction from the current 
of blood than on that which is turned towards the wall of the vessel. 

Variations in different veons.—The veins vary in structure more than 
do the arteries. In many veins longitudinal muscular fibres are found 
in the inner part of the middle coat, as in the iliac, femoral, umbilical, 
&c.; in others they occur external to the circularly disposed fibres, and 
are described as belonging to the outer coat. This is the case in the 
inferior vena cava and also in the hepatic veins and in the portal vein 
and its tributaries. Inthe superior and in the upper part of the inferior 
vena cava the circular fibres of the middle coat are almost entirely 
absent. The veins of the following parts have no muscular tissue, 
viz. pia mater, brain and spmal cord, retina, bones, and the venous 
sinuses of the dura mater and placenta. 

It is only the larger veins and especially those of the limbs that 

ossess valves. They are wanting in most of the veins of the viscera, 
in those within the cranium and vertebral canal, in the veins of the 
bones, and in the umbilical vein. 
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LESSON XXI. 
SMALLER BLOOD-VESSELS. LYMPHATIC SYSTEM. 


1, Take a piece of pia mater which has been stained with logwood, and 
separate from it some of the small blood-vessels of which it is chiefly 
composed. Mount the shreds in Farrant. The structure of the small 
arteries can be studied in this preparation, the nuclei of the epithelium and 
of the muscular coat being brought distinctly mto view by the logwood. 
The veins, however, possess no muscular tissue. Capillary vessels which 
have been dragged out from the brain in removing the pia mater may also 
be seen in this preparation. Sketch two small arteries of different sizes, 
giving also their measurements. 


2. Mount in Canada balsam a piece of the omentum of the rabbit stained 
with silver nitrate. The membrane should be stretched over a cork or a 
plate of glass, rinsed with distilled water, treated for five minutes with 1 per 
cent. nitrate of silver solution, again washed and exposed to the light in spirit. 
When stained brown the spirit 1s replaced by oil of cloves. Pi ges may now 
be cut off from the membiane and mounted, as directed, in Cu Aada balsam; 
they should include one or more blood-vessels. 

This preparation is intended to show the epithelium of the smaller blood- 
vessels and accompanying lymphatics and also the epithelhum of the serous 
membrane. Sketch a small piece showing the epithelium of the \essels. 


8. Mount in Canada balsam a piece of the central tendon of the rabbit's 
diaphragm which has been similarly prepared (except that the pleural surface 
has first been brushed to remove the superficial epithelium so as to enable 
the nitrate of silver more readily to penetrate to the network of lymphatic 
vessels underlying that surface). Observe the lymphatic plexus under a low 
power ; sketch a portion of the network. If the peritoneal surface is focussed, 
the epithelium which covers that surface will be seen, and opposite the elefts 
between the radially disposed tendon-bundles stomata may be looked for in 
this epithelium. 

4, Carefully study the circulation of the blood either in the web of the 
frog’s foot or in the mesentery or tongue of the frog or toad, or in the tail of 
the tadpole. 


The coats of the smaller arteries and veins are much simpler in 
structure than those of the larger vessels, but they contain at first all 
the same elements. Thus there is a lining epithelium and an elastic 
layer forming an inner coat, a middle coat of circularly disposed plain 
muscular tissue, and a thin outer coat. The same differences also are 
found between the arteries and veins, the walls of the veins being 
fhinner and containing far less muscular tissue (fig. 116), and the 
lining epithelium-cells, much elongated in both vessels, are far longer 
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and ree in the small arteries than in the corresponding veins 
(fig. 117). 

In the smallest vessels it will be found that the elastic layer has dis- 
appeared in the veins, and the muscular tissue is considerably reduced 
in thickness in both kinds of vessels. Tndeed, it is soon represented 
by but a single layer of contractile cells, and even these no longer 
form a complete layer. By this time also, the outer coat and the 
elastic layer of the inner coat have entirely disappeared both from 
arteries and veins. The vessels are reduced, therefore, to the condition 
of a tube formed of pavement epithelium cells, with a partial covering 
of circularly disposed muscular cells. 

Even in the smallest vessels, which are not capillaries, the differ- 
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Fic. 116—A SMAII ARIFRY, A, WITH A CORRISPONDING VEIN, B, 1RFATLD WITH 
ACFTIC ACID. (Magnified 850 diameters.) 


a, external coat with elongated nuclei, 6, nuclei of the transverse muscular tissue of the 

middie coat (when seen endwise, as at the sides of the vessel, thei outhne is circular), 

ce, nucle: of the epithclium-cells, d, elastic layers of the inner coat 
ences between arteries and veins are still manifested. These differences 
may be enumerated as follows :—The veins are larger than the corre- 
sponding arteries; they branch at less acute angles; their muscular 
cells are fewer, and their epithelium-cells less elongated ; the elastic 
layer of the inner coat is always less marked, and sooner disappears. 

Capillary vessels.—When traced to their smallest branches, the 
arteries and veins eventually are seen to be continued into a network 
of the smallest blood-vessels or capillaries. The walls of these are 
composed only of flattened epithelium-cells (fig. 118) continuous with 
those that line the arteries and veins; these cells can be exhibited by 
staining a tissue with nitrate of silver. The capillaries vary somewhat 
in size and in the closeness of theic meshes; their arrangement in 
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different parts, which is mainly determined by the disposition of the 
tissue-elements, may best be studied when the structure of the several 
organs is considered. 


In the transparent parts of animals, the blood may be seen flowing 
through the capillary network from the arteries into the veins. The 
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Bird. 117.~A SMALL ARTERY, 4, AND VEIN, V, FROM 1HE SUBCUTANFOUS CONNECTIVE 
TIBAUL OF THE RAT, TREATED WIIH NITRATE OF SILVER. (175 diameters.) 


a, a, epitheloid celle with 4, b, their nuclei, m, m, tranaverse markings due to staining of 
substance between the muscular fibre-cells, c, c, nuclei of connective-tissue corpuscles 


attached to exterior of vessel. 


current is very rapid in the small arteries, somewhat less so in the 
veins, and comparatively slow in the capillaries. The current is fastest 
in the centre of the vessel, slowest near the wall (inert layer), and 
with care it may be observed-—especially where there is any commen- 
cing inflammation of the part, as in the mesentery in consequence of 
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exposure—that the white blood-corpuscles, which always tend to 
pass into the inert layer, and to adhere occasionally to the inner sur- 





Fic 118.—CAPILLARY VLSSLLS) LROVW Fig 119.—CApPILIARY ~BLOUOD- 
THE BLADDER Of THK CAT, MAG- VESSILS IN IHK WFB OF A 
NIFILD. LROG’S FOOL, AS SEEN WITH 


MIC RO ; 

The outlines of the cells are stained hy nitrate as mgCory 
of bil vcr. The arrows indicate ns course of the 

dd. 


face of the blood-vessels, here and there pass through the coats of the 
small vessels, and appear as mugratory cells in the surrounding 
connective tissue. 


LYMPHATIC SYSTEM. 


To the lymphatic system beloug not only the lymphatic vessels and 
lymphatic glands, but also the cavities of the serous membranes, which 
are moistened with lymph and are in open communication with the 
lymphatic vessels in their parietes. 

The larger lymphatic vessels somewhat resemble the veins in 
structure, except that their coats are much thinner and their valves 
much more numerous. In lymphatics of somewhat smaller size, the 
wall of the vessel is formed, first, by a lining of pavement-epithelium 
cells (endothelium of some authors), which are elongated in the direc- 
tion of the axis of the vessel; and, secondly, by a layer of circularly and 
obliquely disposed muscular fibres. In the smallest vessels (4ymphatic 
capillaries), which, however, are generally considerably larger than 
the blood-capillaries, there is nothing but the epithelium remaining, 
and the cells of this are frequently not more elongated in one direction 
than in another, but have a characteristic wavy outline (fig. 121). 

Lymphaties begin in two ways—either in the form of pleruses, as 
in membranes (fig. 120), or as lacunar interstices, as is the case in 
some of the viscera. 
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In order to show the lymphatic vessels, it is generally necessary to 
stain a tissue with nitrate of silver; but they may easily be in- 
jected by sticking the nozzle of an injecting canula into any tissue 
which contains them, and forcing coloured fluid under gentle pressure 
into the interstices of the tissue. 
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Fic. 120.—LYMPHATIC PLEXUS OF CENTRAL TENDON OF DIAPHRAGM OF RABBIT, 
PLEURAL SIDE, 


a, larger vessels with lanceolate cells and numerous valves; 8, ¢, lymphatic capillaries wit, 
wavy-bordered cells. 
* In silvered preparations it may be observed that the lymphatics 
always appear in the form of clear channels in the stained ground-sub’ 
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Fiu 1QZI—A swarr 1ARL OF LHE TAMITEATIC LIFNLS ON LHE PIRURAL SURFACE 
Ol LHI DIALHRAGM. (Magnificd 110 diameters) (Ranvici ) 


ZL, lymphatic vesse] with charactastic epithelium c¢ cell spaces of the connective tissue, 
here and there vbutting agaist the lymph aac 





Fig. 122.—SuA1l PORTION OL LE RILONLAL] SURI ACL OF DIAPHR AGW OF RABBIT, SLALNED 
W11H NITRATE OF SILVER TO SHOW THE SERULS FPITHLIIUY 


2, lymph-channel bclow the surfice, lying betwecn tendon bundles / 7, and over which the 
aurface cells aic seen to be 1c latively smolier, and to crlubit five stomata 5, s, leading 
into the lymphati The opithclum of the IWimphatic cChannc] is not represented, 
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stance of the connective tissue, and that their walls are in close con- 
nection with the cells and cell-spaces of that tissue. But, except in 
the case of the serous membranes, there is no open communication 
between the lymphatic vessels and the interstices (areol) of the con- 
nective tissue. 

Development of the blood-vessels and lymphatics.—The blood- 
vossels and lymphatics are developed in the connective tissue or in the 
mesoblastic tissue which precedes it, the first vessels being formed ,in 
the vascular area, which surrounds the early embryo. Both kinds of 
vessels are developed from cells (vaso-formative cells) which become 
hollowed out by an accumulation of fluid in their protoplasm, and in 
the case of developing blood-vessels coloured blood-corpuscles may also 
be formed within these cells (see Devclopment of Blood-corpuscles, 
Lesson II.) The cells branch and unite with one another to form a 
network, and their cavities extend into the branches. In the mean- 
time their nuclei multiply and become distributed along the branches, 
cell-areas being subsequently marked out around them. In this way 
intercommunicating vessels —capillaries containing blood or lymph— 
are produced (fig. 123). Theso presently become connected with 





hia. 123.—Is01 ATED CAPILLARY NFIWORK FORWED BY THF JUNCTION OF 
SEVERAL HOTTOWED OUL CEILS, AND CONLAINING (OLOURLD BLOOD-COR- 
PUsCLES IN A (CLFAR LI UID. 


¢, # hollow cell the cavity of which does not yet communi ate with the network, p, p, pointed 
cell-processes, extending in different direc tions for union with neighbouring capillaries. 


previously formed vessels, which extend themselves by sending out 
sprouts, at first solid, and afterwards hollowed out. Its not precisely 
known whether the larger blood-vessels and lymphatics are developed 
at first as capillaries, the muscular and other tissues being subsequently 
added, or whether they are formed as clefts in the mesoblastic tissue 
which become bounded by flattened cells. 

The serous membranes, which may convemently be studied in con- 
nection with the lymphatic system, are delicate membranes of connec- 
tive tissue which surround and line the internal cavities of the body, 
and are reflected over many of the thoracic and abdominal viscera; in 
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passing to which they form folds, within which blood-vessels, lymphatics, 
and nerves pass to the viscera. 

The inner surface is lined by a continuous layer of pavement- 
epithelium (fig. 122), which is very distinct in nitrate of silver prepa- 
rations. In some places there are apertures in the epithelium which 
lead direct into subjacent lymphatic vessels. These apertures are called 
stomata, and are surrounded by small protoplasmic cells (fig. 122, s, s). 
They are most numerous upon the peritoneal surface of the diaphragm, 
but are present in all serous membranes, and they serve to prevent any 
undue accumulation of lymph withm the serous cavity during health. 
The pavement-epithclhum rests upon a homogeneous basement-mem- 
brane, which is especially well marked m the serous membranes of 
man. The rest of the thickness of the membrane 1s composed of con- 
nective tissue, with a network of fine clastic fibres near the inner 
surface. 

The cavities of the scrous membranes are origmally formed in the 
embryo as a cleft in the mesoblast (pleuro-peritoneal split) which 
becomes lined with epithelium, and its wall eventually becomes dif- 
ferentiated nto the serous membrane. 

The synovial membranes, which are often compated with the 
serous membranes, and are indeed, hike the latter, connective tissue 
membranes wluch bound closed cavities moistened with fluid, are not 
so intimately connected with the lymphatic system, nor 1s the fluid 
(synovia) wluch moistens them of the nature of lymph. Moreover, it 
is only here and there that there 1s a lining of epithelium-like eclls, in 
place of the continuous hning of epithelium which we find in the 
serous membranes. Curious villus-hke projections occur m many 
parts ; they are covered by small rounded cells, and probably serve to 
extend the surface for the secretion of synovia. The blood-vessels of 
synovial membranes aro numerous, and approach close to the inner 
surface of the membrane. 
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LESSON XXII. 
LYMPHATIC GLANDS, TONSIL, THYMUS. 


1. Sections of a lymphatic gland which has been stained in bulk with magenta 
and embedded in paraflin.'! Notice (1) the fibrous and muscular capsule, with 
trabeculse extending inwards from it through the cortex and anastomosing with 
one another in the medulla, (2) the dense lymphoid tissue (adenoid tissue of 
authors) forming large masses in the cortex (cortical nodules) and rounded 
cords in the medulla (medullary cords). Notice also the clearer channel or 
lymph-sinus which everywhere intervenes between the fibrous tissue and the 
lymphoid tissue. Observe the fine fibres and branched cells which bridge 
across this channel. 

Make a general sketch under a low power of a portion of the cortex 
together with the adjoining part of the medulla, and under a high power 
drawings of small portions of cortex and medulla. 


2. In sections of tonsil prepared similarly to those of the lyy pen gland, 
notice the large amount of lymphoid tissue only imperfectly sollected into 
nodules. Observe also that the stratified epithelinm, which covers the mucous 
membrane here as elsewhere in the mouth, is infiltrated with lymph-cor- 

uscles. Here and there pit-like recesses may be met with glands opening 
into the pits. 


’ 8. A similar preparation of the thymus gland of an infant. Notice that 
the masses of lymphoid tissue which form the lobules of the gland are 
separated by septa of connective tissue, and that they show a distinction into 
two parts, cortical and medullary. Observe the differences of structure of 
these two parts, and especially notice the concentric corpuscles in the 
medullary part. 


Make a sketch of one of the lobules under a low power and of a small part 


of the medulla under a high power, including one or two concentric corpuscles. 
Measure the latter. 


Structure of a lymphatic gland.—A lymphatic gland is composed 
of a fibrous and muscular framework, which encloses and supports the 
proper glandular substance, but is everywhere separated from it by a 
narrow channel, bridged across by cells and fibres, which is known as 
the lymph-channel. The framework consists of an envelope or capsule 
(fig. 124, c), and of trabecule (tr), which pass at intervals inwards 
from the capsule, and after traversing the cortex of the gland divide 
and rennite with one another so as to form a network of fibrous bands. 
At one part of the gland there is usually a depression (hilus), and at 
*the bottom of this the medulla comes to the surface and its fibrous 
bands are directly continuous with the capsule. 


1 See Appendix. 
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Fig. 124.—DIAGRAMMATIC SKCTION OF LYMPHATIC GLAND. 


a. 1, afferent, ¢. 7. efferent lymphatics ; C, cortical substance; Mf, reticulating cords of medullary 
substance ; d,s, lymph-sinus ; ¢, fibrous coat sending trabecule, ‘7, into the substance of the gland, 
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1G. 125.—-SECTION OF THE MEDULLARY SUBSTANCE OF A LYMPHATIC GLAND (0X), 
(300 diameters. ) 


a, 4, a, lymphoid cords ; ¢, lymph-sinus; 4, b, trabecule ; d, d, capillary blood-vessels, 
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The proper glandular substance (1. h.) is composed of lymphoid 
tissue, z.e. a fine reticulam with the meshes thickly occupied by lymph- 
corpuscles. It occupies all the interstices of the gland, forming com- 
paratively large rounded masses in the cortex (lymphoid nodules, C) 
between the trabecule, and smaller reticulating cord-like masses 
(lymphoid cords, M) in the medulla. 

The cells which bridge across the lymph-channel in the medulla 
(fig. 125, c) are branching nucleated cells which often contain pigment, 
so that this part of the gland has a dark colour. The lymph-channel 
is bridged across not only by these, but also by fibres derived from the 
capsule and trabeculew, which pass to the lymphoid tissue and become 
lost in its reticulum. But these fibres are often covered and concealed 
by the branched cells. 

Lymphatic vessels (fig. 124, a. 1.) enter the lymph-channels after 
passing through the capsule, and the lymph is conveyed slowly along 
the channels of the cortical and medullary part towards the hilus, 
taking up many lymph-corpuscles in its passage. At the hilus it is 
gathered up by an efferent vessel or vessels (¢. J.) which take origin in 
the lymph-sinuses of the medulla. 

An artery passes into each gland at the hilus; its branches are 
conveyed at first along the fibrous cords, but soon pass into the 
lymphoid tissue, where they break up into capillaries (fig. 125, d). 
The blood is returned by small veins, which are conducted along the 
fibrous trabecul to tbe hilus again. j 





Fie. 126.—A LOBULE O1 HK fSHYMUS OL A CHT D AS SEEN UNDLR A LOW POWER. 
&, cortex, M, medulla ; ¢, concentric corpuscles ; b, bloud-veasels; ¢7, trabeculs. 


The thymus gland is a lymphoid organ which is found only in the 
embryo and during infancy. It is composed of a number of larger and 
amaller lobules (fig. 126), which are separated from one another by 
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septa of connective tissue, along which the blood-vessels and lymphatics 
pass to and from the lobules. Each lobule shows plainly, when 
examined with the low power, a distinction into an outer cortical and 
an inner medullary portion. The cortical part of the lobule is imper- 
feotly divided into nodules by trabecules of connective tissue, and is 
very similar in structure to the lymphoid tissue of the lymphatic 
glands and tousils, but the medulla is more open in its texture, and 
the reticulum is composed of larger, more transparent, flattened cells, 
and contains fewer lymph-corpuscles. Moreover, there are found in 





Fia 127.—ELLMENIS OF 1k £HyMts. (300 diameters.) (Cadiat ) 
a, lymph-corpuscles ; b, concentric corpuscle. 


the medulla peculiar concentrically striated bodies (the concentric cor- 
puscles, fig. 127), which are usually composed of a number of flattened 
cells arranged concentrically around one or more central cells. Some- 
times these corpuscles are compound, two or three being grouped 
together and similarly enclosed by flattened cells. The lymphoid 
tissue 1s abundantly supplied with capillary blood-vessels, and large 
lymphatic vessels issue from the organ, but in what way the latter are 
connected with the lobules has not been ascertained. 

Lymphoid tissue occurs in many other parts of the body in addition 
to the lymphatic glands, tonsils, and thymus gland, although 1t may 
not, as in these structures, constitute the bulk of the organ. Thus itis 
found in many mucous membranes, such as those of the intestine and 
of the respiratory tract, both in a diffuse form and also collected into 
nodular masses which are like the cortical nodules of a lymphatic 
gland, and may, like those, be partially surrounded by a lymph-sinus. 
In the spleen also a large amount of lymphoid tissue is found sheathing 
the smaller arteries, and also expanded into nodular masses (Malpighian 
corpuscles of the spleen). In these organs it will, however, be studied 
in subsequent Lessons. 

Lymphoid tissue also occurs in considerable amount in the serous 
membranes, especially in young animals; in the adult it is often trans- 
formed into adipose tissue. The tissue is generally developed in con- 
nection with lymphutic vessels, an accumulation of retiform tissue and 
lymph-cells taking place either external to and around the lymphatic 
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Fig 128.—DrvetopinGe LiMPHALIC NODULES, FROM LU OMLNLUM OF A GUINEA- 
PIG. 

A, perilymphati nodule; a, ])mphatic vessel, c, part of its epithchal wall, seen in optical 
section , ¢, lymph orpuscles within the vessel , 8, lymphoid tissue of the nodule , d, blood- 
cupilaries , B, endolymphatic nodule, a, vein, 6, artery , ¢ capillaries, d, a lymphatic 
vessel, in which thus whole system of blool vessel» is cnclo-ed , e, lymphoid tissue within 
the lymphatic vessel , 7, wall of the 1;mphatic in optical section 


the formation of lymphoid tissue oecurs within it sndolymphatie 
nodule) (see fig. 128). 
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LESSON XXIII. 
THE SKIN. 


1. Szorions of skin from the palmar surface of the fingers, The sections 
are to be made vertical to the surface, and should extend down as far as the 
subcutaneous tissue. They may be stained with logwood or picro-carmine 
and mounted in Canada balsain. In these sections notice the layers of the 
epidermis and their different behaviour to the staining fluid. Notice also the 
papillee projecting from the corium into the epidermis, and look for tactile 
corpuscles within them. In very thin parts of the sections the fine inter- 
cellular channels in the deeper parts of the epithelium (see Lesson VI. p. 22) 
may be seen with a high power. The convoluted tubes of the sweat-glands 
will be seen here and there in the deeper parts of the corium, and in thick 
sections the corkscrew-like channels by which the sweat is conducted through 
the epiderinis may also be observed. Make a sketch showing the goneral 
structure tinder a low power, and other sketches to exhibit the most important 
details under a high power. Measure the thickness of the epidermis and the 
length of the papille. 


2. Sections of the skin of the scalp, vertical to the surface and parallel to 
the slope of the hair-follicles, and others parallel to the surface, and therefore 
across the hair-follicles. Stain and mount in the same way as in the last 
preparation. Examine also the structure of the hairs. 

In these preparations the details of structure of the hairs and hair-follicles 
together with the sebaceous glands and tlie little muscles of the hair-follicles 
are to be made out. 


8. Vertical sections across the nail and nail-bed, cut with a strong 
scalpel or razor. The sections are stained with hematoxylin or picro-carmine. 
Notice the ridges (not papille) of the corium projecting into the epidermis. 
Observe also the distinction of the epidermis into Malpighian layer and nail 
proper. 


4, Mount in Canada balsam a section from a portion of skin of which the 
blood-vessels have been injected, and notice the distribution of the capillaries 
to the sweat-glands, to the hair-follicles, and to the papulary surface of the 
corium. 


— ee tee 


The skin is composed of two parts, epedermis and cutis vera. 

The epidermis, or scarf skin, is a stratified epithelium (fig. 129). 
It is composed of a number of layers of cells, the deeper of which are 
soft and protoplasmic, and form the rete mucosum of Malpighi, whilst 
the superficial layers are hard and horny; this horny portion some- 
times constituting the greater part of the thickness of the epidermis. 
The doepest cells of the rete mucosum, which are set on the surface of 
the cutis vera, are columnar (fig. 129, c) in shape. In the coloured 
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traces of mankind these cells contain pgment-granules. In the layers 
immeately above them the cells are polyhedral (fig. 129, »). Between 
all these cells of the rete mucosum there are fine mtercellular clefts 
which separate the cells from one another, but are bridged across by 
fine fibres, which pass from cell to cell. The intercellular channels 
serve for the passage of lymph, and withm them occasional lymph- 
corpuscles may be found, often having a stellate figure from compres- 
sion. The most superficial layer of the rete mucosum is formed of 
somewhat flattened granular cells (stratum granulosum, s gr). Im- 
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Fig 129 —Sic1ION Of FILDURMIS 
H horny layer consisting of s superhcial horny scales sie swollen out horny cells 7 
stratum Iuerdum M rete muc sum cr Malpigtim layer consisting of yp pricklc cells 
several rows deep c¢ clongatel cells forming a single stratum np ar the corn and ¢97 
stratum granniosum of Langerhans, just below the stratum lucidum x part of a plexus 
of nery« fibres in the suy erficial laycr of the cutis vere From this pleaus fine viricone 
nerve fibrils moy be traced passing up between the eyathchum cclls of the Malpighian 
layer 
mediately above this layer, the horny part of the epidermis commences, 
as a layer of clear compressed cells several deep (stratum lucidum, s.1.). 
Above this comes the mam part of the horny layer. It 1s composed of 
a number of layers of somewhat swollen cells (sw.), the nuclei of 
which are no longer visible. These cells become flatter as they 
approach the surface, where they eventually become detached in the 
form of thin horny scales (s). 


The growth of the epidermis takes place by a multiplication of the 
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wells of the deeper layers. The newly formed cells, as they grow, push 
towards the surface those which were previously formed, and in their 
progress the latter undergo a chemical transformation, which converts 
their protoplasm into horny material. This change seems to occur 
at the stratum granulosum (see fig. 180) ; the granules which oecupy 
the cells of that layer being composed of a substance termed eleidin, 
which is transformed into keratin. 

No blood-vessels pass into the epidermis, but it receives nerves 
which ramify between the cells of the rete mucosum in the form of 
fine varicose fibrils (fig. 129). 
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Fic, 1380,.—Port10N OF FPLDLRVIS FROM A SECLION OF THE SARIN OF LHF 
PINGLR, COLOURED WILT PICROCARMINATE OL AMMONIA. (Ranvier.) 


a, stratum corneum; 5 stratum lucidum with diffuzed flakes of eleidin; c, stratum granu- 
losum, the cells filled with drops of eleidin, d prickle-cclls, ¢, dentate projections by 
which the deepest cells of the epidermis are fixed to the cut» vern, 


The cutis vera or corium is composed of dense connective tissue, 
which becomes more open and reticular in its texture in its deeper 
part, where 1t merges into the subcutaneous tissue. The superficial or 
vascular layer of the corium bears minute papilla, which project up 
into the epidermis, which is moulded over them. These papille for 
the most part contain looped capillary vessels (fig. 187), but some, 
especially those of the palmar surface of the hand and fingers, and the 
corresponding part of the foot, contain tactile corpuscles, to which 
medullated nerve-fibres pass (fig. 97, 5). 

In some parts of the body (scrotum, penis, nipple, and areola), 
involuntary muscular tissue occurs in the deeper portions of the cutis 
vera, and in addition, wherever hairs occur, small bundles of this 
tissue are attached to the hair-follicles. 

The blood-vessels of the skin are distributed almost entirely to the 
purface, where they form a close capillary network, sending up loops 


108 THE ESSENTIALS OF HISTOLOGY 


into thé papille. Special branches are also distributed to the various 
appendages of the skin, viz. the sweat-glands and hair-follicles, with 
their sebaceous glands and little muscles, as well as to the little masses 
of adipose tissue which may be found in the deeper parts of the cutis. 

The lymphatics originate near the surface in a network of vessels, 
which is placed a little deeper than the blood-capillary network. They 
receive branches from the papille, and pass into larger vessels, which 
are valved, and which run in the deeper or reticular part of the corium. 
From these the lymph is carried away by still larger vessels, which 
course in the subcutaneous tissue. 

The appendages of the skin are the nails, the hairs, with their 
sebaceous glands and the sweat-glands. They are all developed 
as thickenings and downgrowths of the Malpighian layer of the epi- 
dermis. 
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Fru, 181—Skc110n ACROSS JHE NAIL AND NAIL-BLD, (100 diameters.) 
( Heitzmann.) 


P, ridges with blood-vessels , B, rete mucosum ; JV, nail. 


The nails are thickenings of the stratum lucidum of tho epidermis, 
which are developed over a specially modified portion of the corium, 
which is known as the bed of the nail, the depression at the posterior 
part of the nail-bed from which the root of the nail grows being 
known as the nazl-groove. The distal part of the nail forms the free 
border, and is the thickest part of the body of the nail. The horny 
substance of the nail (fig. 181, N) is composed of clear horny cells, 
each containing tle remains of a nucleus; it rests immediately upon 
a Malpighian layer (B) similar to that which is found in the epidermis 
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generally. The corium of the nail-bed is beset with longitudinal 
ridges instead of the papilla which are present over the rest of the 
skin; these, like the rest of the superficial part of the corium, are 
extremely vascular. The nails are developed in the foetus at about 
the third month, the groove being formed at this time in the corium, 
and the nail-rudiment appearing in it as a thickening of the stratum 
lucidum, which extends forward over the bed. It becomes free in the 
sixth month, its free end being at first thin, but as it grows forward 
over the bed it appears to receive additions on its under surface, so 
that after a time the distal part becomes the thicker. The superficial 
layers of the cuticle which originally covered the developing nail become 
detached, and, after birth, only remain as the narrow border of cuticle 
which overlies the lunula. 

The hairs are growths of the epidermis, which are developed in 
little pits—the hair-follicles—which extend downwards into the deeper 
part of the corium, or even into the subcutaneous tissue. The hair 
grows from the bottom of the follicle, the part which thus lies within 
the follicle being known as the roof. 

The substance of a hair is mainly composed of a pigmented, horny, 
fibrous material (fig. 182, f), which can be separated by the action 
of sulphuric acid imto long tapering cells, the nuclei of which are 
still visible. This fibrous substanee of the hair is covered by a layer 
of delicate imbricated scales termed the hair cuticle (c). In many hairs, 
but not in all, the centre is occupied by a dark-loohing axial substance 
(medulla, m), formed of angular cells whieh contain granulos of eleidin, 
particles of dark piginent, and frequently minute air-bubbles. The 
latter may also occur in interstices in the fibrous substance. When 
they are present, the hair looks white by reflected light. The 7oo¢ has 
the same structure as the body of the hair, except at its extremity, 
which is enlarged into a knob (fig. 188, 6); this is composed mainly 
of soft, growing cells, and fits over a vascular pajilla (p), which pro- 
jects up into the bottom of the follicle. The follicle, like the skin 
itself, of which it is a recess, is composed of two parts: one epithelial, 
and the other connective tissue. The epithelial or epidermic part of 
the follicle closely invests the hair-root, and is often in great part 
dragged out withit; hence it is known as the root-sheath. It consists 
of an outer layer of soft columnar and polyhedral cells, like the Mal- 
pighian layer of the epidermis—the outer root-sheath (figs. 183, /; 
184, e); and of an inner, thinner, hoiny stratum next the hair—the 
inner root-sheath (figs. 138, g; 184, f). The inner root-sheath itself 
consists of three layers, the outermost being composed of oblong cells 
without, nuclei (Henle’s layer), the next of flattened polyhedral nu- 
cleated cells (Huriey’s layer), and the third—the cuticle of the root- 
sheath—being a thin layer of downwardly imbricated scales, which fit 
ovet the upwardly imbricated scales of the hair itself. 

The connective tissue or dermic part of the hair-follicle (fig. 184, 
a,c, d) is composed internally of vascular layer, separated from the 


1 THE ESSENTIALS OF HISTOLOGY 





PAs we $996.27. 


Fig. 182.—P1nck OF HUMAN 
HAIR. (Magnified.) 


A, seen from the surface, B, in 
optical section. ¢, cuttele , I, 
fibrous substance; m, medulla, 
the air having been expelled by 
Canada bal< am. 





Fre, 184.—Snc rion OF HAIR- 
FOLLACI F. 


1, dexmic coat of follicle; 2, epr- 
dermic coat or root-sheath » a, 
outer layer of dermic coat, with 
biood-vessela, b, 6, cut acrose, ¢, 
middie layer, d, inner or hyaline 
layer; ¢, outer root-sheath, 7, 7, 
inner root-sheath; A, cuticle of 
root-sheath ; 2, hair. 





Fic. 1383.—HaAtr-t OL1aC LF IN LONGITUDINAL 
SECTION. 


a, mouth of follicle, 6 neck, ¢, bulb, d, ¢, dernyic 
coat , 7, outer rovt-sheuth Pe inner. root sheath ; 
h, hair; k, its medulla; 2, hair-knob, m, adipose 
tissue, 4M, hair-muscle , 0, papilla of ekin; », 
papilla of hair ; 4, rete mucosum, continuous with 
aoe root-sheath , ep, hurny layer; ¢, sebaceous 
& 
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root-sheath by a basement-membrane termed the hyaline layer of the 
follicle. This inner vascular layer corresponds to the superficial layer 


of the cutis vera. Its fibres and cells have a 
regular circular arrangement around the follicle, 
the cells being flattened against the hyaline layer. 
Externally the dermic coat of the follicle has 
a more open texture, corresponding to the reti- 
cular part of the cutis, and containing the larger 
branches of the arteries and veins. In the large 
tactile hairs of animals, the veins near the bottom 
of the follicle are dilated into sinuses, so as to pro- 
duce a kind of erectile structure. 

The hair grows from the bottom of the follicle 
by multiplication of the soft cells which cover the 
papilla, these cells becoming elongated to form the 
fibres of the fibrous substance, and otherwise modi- 
fied to produce the medulla and cuticle. 

When a hair is eradicated, a new hair is pro- 
duced from these cells. 1t is not uncommon to find 
hair-follicles in which the whole of the lower part 
has degenerated in such a way that the vascular 
papilla, and the soft, growing cells which cover it, 
may have entirely disappcared. The hair then 
ceases to grow, and eventually becomes lost, but 
its place may be again supplied by a new hair, 
which becomes formed in a downgrowth from 
either the bottom or the side of the hair-follicle, a 
new papilla first becoming formed at the extremity 
of the downgrowth (fig. 185). If not previously 
detached, the old hair may be pushed from out the 
follicle by the one which replaces 11. 

The hairs are originally developed m the embryo 
in the form of small solid downgrowths from the 
Malpighian layer of the epidermis (fig. 186, A). 
The hair-rudiment, as it is called, is at first com- 
posed entirely of soft, growing cells; but presently 
those in the centre become differentiated, so as to 
produce a minute hair invested by imner root- 
sheath, and its base resting upon a papilla which 
has grown up into the extremity of the hair-rudi- 
ment from the corium (fig. 186, B). As the 
minute hair grows, it pushes its way through the 
superficial layers of the epidermis, which it finally 
perforates (C). The hair-rudiments commence at 
the third or fourth month of fetal life; their 
growth is completed about the fifth or sixth 
month, and they form a completo hairy covering 
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Fig. 185.—ComMEN- 
(ING BEPLACEMENT 
Or OLD BY NEW 
Harr, (Toldt.) 


a, outer root-vheath; 6, 
dermic coat of follicle ; 
J, downgrowth of epi- 
thehum to form new 
hair-follicle; p, papalla 
of new hair commen- 
cing ; ), root of old hair ; 
f, duct of sebsodcous 
gland, 
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tarthed the lanugo. This is entirely shed within a few months of birth, 
the new hairs being formed in downgrowths from the old hair-follicles 
in the manner already mentioned. 

Hairs grow at the rate of half an inch per month. They are found 
all over the body except on the palms of the hands and the soles of 
the feet, and on the distal phalanges of the fingers and toes. They 
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Fu. 136. 


A. Har-rndiment from an embryo of ox weeks a, horny, and 6, mucous or Malpighiin 
layer of cuticle , 1, basement uwmbrane 12 cclls, Some of winch are assuming an oblone 
figure which chiefly form the tfutme hur EB Han rudiment, with the voung hair formed 
but not yet 126en through thecutule. a, hony, & Malpighian layer of ¢pidermis, ¢, outer, 
d inner, root-sheath, ¢, barknoeb 7, stem, wd q pot ot the hur, A hair-papila, 
a, #, commencing eebaccous follicits © Hair follicle with the lade ynst prot radcd 


usually slant, and in the negro the hair-follicles are even considerably 
curved, On the scalp they are set in groups, as 1s well seen in a hori- 
zontal section. 

The hairs of animals are often curiously marked by the arrange- 
ment of their medulla, the markings being often characteristic of the 
particular species. 

Muscles of the hairs.—A bundle of plain muscular tissue is attached 
to each hair-follicle ; passing from the superficial part of the corium, ou 
the side to which the hair slopes, obliquely downwards, to be attached 
near the bottom of the follicle (arrector pilz, fig. 188, »). When the 
muscle contracts, the hair becomes erected, and the follicle is dragged 
upwards so as to cause a prominence on the general surface of the 
skin; whilst the part of the corium from which the little muscle arises 
is correspondingly depressed ; the roughened condition known as 
“« goose skin’ being in this way produced. 

The sebaceous glands (fig. 188, ¢) are small saccular glands, the 
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ducts from which open into the mouths of the hair-follicles. Both the 
duct and the saccules are lined by epithelium, which becomes charged 
with fatty matter. This sebaccous matter is discharged into the cavity 
of the saccule, probably owing to the disintegration of tlie cells within 
which it is formed. There may be two or more sebaceous glands 
attached to each follicle. 

The sebaceous glands are developed as outgrowilis from the outer 
root-sheath. 

The sweat-glands are abundant over the whole skin, but they are 
most numerous on the palm of the hand and on thie sole of the foot. 
They are composed of coiled tubes, which lie in the deeper part of the 
integument and send their ducts up through the cutis to open on the 
surface by corkscrew-like channels which picrce the epidermis (fig. 187). 





Fin. 187.—Dtcl Of A SWE AL-GL AND PASSING THROUGH THE EPIDERMIS. 
(Magiuihcd 200 diameters.) CLemzmann.) 


BP, pales wath blood vessels myeccted , Fo rete nincosuim between the papille 5 &, stratiin 
corneun,, /’Z, stiutum ,i:wulosum, 2, duct, opening on the surtace at 2 


The glandular or secreting tube is a convoluted tube composed of 
a basement-membrane lined by a single layer of cubical or columnar 
epithelium-cells, and with a layer of longitudinally disposed plain 
muscular fibres between the epithelium and basement-membiane. 
It is considerably larger than the efferent tube or duct, which begins 
within the gland and usually makes several convolutions before leaving 
this to traverse the cutis vera. The efferent tube has an epithelium 
consisting of two or three layers of cells, within which is a well- 
marked cuticular lining, but there is no muscular layer. The passage 
through the epidermis has no proper wall, but is merely a channel 
excavated between the epithelium-cells. 


The ceruminous glands of the ear are modified sweat-glands. 
1 
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The sweat-glands are developed, like the hairs, from downgrowths 
of the Malpighian layer of the epidermis into the corium, the rudi- 





Lig. 138—SFCLION OF A SWEAI-GLAND OX LHL SKIN OF MAN. 


a, a, secreting tubes in acc tion , b,a tube seen from above , ¢ c, eftera |tubes, d, inter- 
tubular connective tissue with blood-vessels. 1, baseincnt membiuhe, 2, muscular 
fibres cut at ros», 3, secreting ep1thclium of a tubule. 


ments which are thus formed becoming eventually coiled up at their 
extremities and converted into hollow tubes. 

The sweat-glands receive nerve-fibres, aud each gland has a special 
cluster of capillary blood-vessels. 
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LESSON XXIV. 
STRUCTURE OF THE HEART. 


1. In a section through the wall of the auricle which has been stained with 
magenta and mounted in glycerine, notice the relative thickness of the 
epicardium, myocardium, and endocardium. Observe the blood-vessels and 
nerve-fibres under the epicardium, often embedded in fat; here and there a 
ganglion may be seen under this membrane. Notice also the elastic networks 
under both the pericardium and endocardium. Make a general sketch from 
this section. 


2. Section through the wall of the ventricle, stained with logwood and 
mounted in Canada balsam. The muscular fibres are variously cut. In 
those cut longitudinally, notice the branching of the fibres and their union 
into a network. Notice also that although the fibres are cross-striated this is 
less distinct than in voluntary muscle, and the nuclei lie in the centre of each 
fibre. Transverse markings may also be seen passing across the fibres 
between the nuclei and indicating a division into cells. The endocardium is 
very thin, especially over the colummne carne. 


8. The lymphatics of the heart are casily injected with Berlin blue by 
sticking the nozzle of the injecting syringe into the muscular substance, in 
the interstices of which the lymphatics arise. These commencing lymphatics 
lead to efferent vessels which puss to the base of the heart under the epi- 
cardium. 


4. Section through one of the valves of the heart, stained and mounted 
as preparation 2. 


5. The epithelium which covers the epicardium, and that which lines the 
endocardium, may be studied in preparations of the fresh organ which have 
been treated with nitrate of silver and subsequently exposed to the light and 
hardened in alcohol. 


The muscular substanco of the heart (myocardium) is composed of 
transversely striated muscular fibres (fig. 189), which differ from those 
of voluntary muscle in the following particulars: their striations are 
less distinct ; they have no sarcolemma ; they branch and unite with 
neighbouring fibres, and their nuclei lie in the centre of the fibres. 
Moreover, the fibres are composed of a sories of short cylindrical cells 
(fig. 140) joined together end to end, each corresponding to one of the 
nuclei. The lines of junction of these cells may sometimes be seen in 
longitudinal sections stained with lematoxylin or magenta ; but they 
come much more distinctly into view in sections of the fresh tissue 


stained with nitrate of silver. 
12 
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In the interstices of the muscular tissue there is a little areolar 
tissue in which run the very numerous blood-capillaries and the 
lacunar lymphatics. 





Fig. 189.—MuscuLaR FIBRES FROM THE Fic. 140.—-SrxX MUSCULAR FIBRE-CELLS 
HEART, MAGNIFIED, SHOWING THEIR FROM THE HEART. (Magnified 425 
CROSS-STRLE, DIVISIONS, AND JUNC- diameters. ) 

TIONS. 


a, line of junction between two cells; }, ¢, 
The nuclei and cell-junctions are only repre- branching of cells. 
sented on the right-hand side of the figure. 





Fig, 141.—Srcrion OF THE EPICARDIUM OF THE RIGHT AURICLE, 


a, serous epithelium in section; 6, connective-tissue layer; c, elastic network ; d, subserous 
areolar tissuc; e, fat; 7 rection of a blood-vessel; g, a small ganglion; A, muscular 
fibres of the myocardium ; 4, intermuscular areolar tissue, 


The myocardium is covered externally by a layer of serous mem- 
brane—the epicardium (cardiac pericardium, fig. 141)--composed, like 
other serous membranes, of connective tissue and elastic fibres, the 
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latter being most numerous in its deeper parts. Underneath the 
epicardium run the blood-vessels, nerves, and lymphatic vessels of the 
heart, embedded in areolar and adipose tissue; this tissue being con- 
tinuous with that which les between the muscular bundles. 

The endocardium (fig. 142) has a structure not very unlike the 
pericardium. It is lined by a pavement-epithelium, like the epithelium 
of a serous membrane, and consists of connective tissue with elastic 
fibres in its deeper part, between which there may, in some parts, be 
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Fig 148 —S1C110WN THROUGH ONT OF 
MIF TLAPS OL JIT AORIIC VATVE, 
AND PARL O1 THE CORKISPONDING 
SINUS OF VALSAIVA, WILH THER AD} 
JOINING PARI OL LHI VBNIRICULAR 
WALL, 


a, endocardium, prolonged over the valve 6, 
sub cndocirdiul tissuc oc fibrous tissue of 
the valve thickened ate’ new the free caze , 
d, nection of the lunuli, e section of the 
fibrous rng, /, muscular fibres of the ven- 
tricle atta hed to it, g, loose areolar tissue 
at the basc of the ventricle, 5 Vo sinus 
Valksalva , 1, 2,3, inner, middlt, and outer 
coats of the aorta. 





found a few plain muscular fibres, Fat is sometimes met with under 
the endocardium. 

In some animals, e.g. the sheep, and sometimes also in man, large 
beaded fibres are found under the endocardium. These are formed of 
large clear cells joined end to end, and generally containing in their 
centre two nuclei, whilst the peripheral part of the cell is formed of cross- 
striated muscular tissue ; they are known as the fibres of Pw kinje. 

The valves of the heart are formed of folds of the endocardium 
strengthened by fibrous tissue (fig. 148). This tissue fonns a thicken- 
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ing near the free edge of the valve (c’). At the base of the auriculo- 
ventricular valves a little of the muscular tissue of the auricle may be 
found passing a short distance into the valve. 

The nerves of the heart are seen in sections underneath the epi- 
cardium of both auricles and ventricles; in the former situation, they 
are connected at intervals with small ganglia (fig. 141, g). Their 
branches pass to the muscular substance, but their mode of termina- 
tion has not heen ascertained. 
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LESSON XXV. 
THE TRACHEA AND LUNGS. 


1- In sections of trachea, stained with logwood or borax-carmine, and mounted 
in Canada balsam, notice the ciliated epithelium, the basement-membrane 
(of some thickness in the human trachea), the lymphoid tissue of the mucous 
membrane, the elastic tissue external to this, and lastly the fibrous membrane 
containing the cartilages. In the mucous membrane and submucous areolar 
tissue look for sections of mucous glands, ducts of which may be seen opening 
on the surface. At the back of the trachea notice the plain muscular fibres 
transverscly arranged; there may be larger mucous glands external to these. 


2. In sections of lung similarly prepared, notice the sections of the alveoli 
collected into groups (infundibula). Find sections of bronchial tubes, 
some cut longitudinally and passing at their extremities into the infundibula, 
others cut across; the latter show the structure of the tubes best. In each 
tube notice the ciliated epithelium internally. Next to this the mucous 
membrane containing numerous clastic tibres and often thrown into folds ; 
then the layer of circular muscular fibres, and outside this, loose fibrous tissue 
in which in Jarger bronchial tubes the pieces of cartilage may be seen embedded. 
Smal] mucous glands may also be observed in the fibrous tissue sending their 
ducts through the other layers to open on the inner surface. Notice always 
accompanying a section of a bronchial tube the section of a branch of the 
pulmonary artery. 

In the sections of the alveoli observe the capillary vessels passing from 
one side to the other of the intery ening septa; and in places where the thin 
wall of an alveolus is to be seen in the section, try and make out the net- 
work of blood-capillaries upon it. Notiee within the alveoli nucleated cor- 
puscles which very frequently contain dark particles in their protoplasm. 
They appear to be amoeboid cells which have migrated froin the blood-vessels 
and have taken in inhaled particles of carbon, They secim to pass back into 
the lung tissue, for similar cells may be seen in this. Make a sketch of part 
of the wall of a bronchial tube and of one or two of the alveoli. 


3. Mount in Canada balsam a section of lung in which the pulmonary 
vessels have been injected. Study the general arrangement of the vessels 
with a low power, and the network of capillaries of the alveoli with a high 
power. Observe that the veins run apart from the arteries. Sketch tho 
capillary network of one or two adjoining alveoli. 


The trachea or windpipe is a fibrous and muscular tube, the wall 
of which is rendered somewhat rigid by G-shaped hoops of cartilage 
which are embedded in the fibrous tissue. The muscular tissue, which 
is of the plain variety, forms a flat band, the fibres of which run trans- 
versely at the back of the tube The trachea is lined by a mucous 
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membrane (fig. 144, a-c), which has a ciliated epithelium upon its 
inner surface. The epithelium-cells have been already described 
(Lesson VII.); they rest upon a thick basement-membrane. The 
mucous membrane proper consists of areolar and lymphoid tissue, and 
contains numerous blood-vessels and lymphatics. In its deepest part 
is a well-marked layer of longitudinal elastic fibres (d). Many small 
glands for the secretion of mucus are found in the wall of the trachea. 
They may lie either within the mucous membrane or in the submucous 
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Fig. 144,—-LONGITUDINAL SECTION OF THE HUMAN TRACHEA, INCLUDING PORTIONS 
OF TWO CARTILAGINOUS RINGS. (Moderately magnified.) 


a, ciliated epithelium ; 6, basement-membrane ; ¢, superficial part of the mncous membrane, 
containing the sections of numerous capillary blood-vessels and much lymphoid tissue; @, 
deeper part of the mucous membrane, consistmg mainly of elastic fbres; e, submucous 
areolar tissue, containing the larger blood-veasels, small mucous plands (their ducts and 
alyeol: are seen in section), fat, &c. ; 7, fibrous tissue investing and uniting the cartilages ; 
y, & small mass of adipose tissuc in the fibrous layer; h, cartilage. 


areolar tissue (e), or, lastly, at the back of the trachea, outside the 
transverse muscular fibres. 

The two divisions of the trachea, the bronchi, are precisely similar 
in structure. 

The larynx is also very like the trachea so far as the structure of 
the mucous membrane is concerned, but over the true vocal cords and 
upon the epiglottis, as well as here and there in the part above the 
glottis, stratified epithelium is found, and taste-buds (see Lesson 
XXYVI.) may occur in this epithelium, except over the vocal cords. 


THE TRACHEA AND LUNGS 121 


The lymphoid tissue is especially abundant in the mucous mem- 
brane of the ventricle of Morgagni, and a large number of mucous 
glands open into this cavity and into that of the sacculus. 

The true vocal cords are composed of fine elastic fibres. 

The cartilages of the trachea aud larynx are hyaline, except the 
epiglottis and the cartilages of Santorim and of Wrisberg, which are 
composed of elastic fibro-cartilage. 


Fig. 145 —DiGRAWMVALIC KEI RISTNEALTION OL LHE FNDING OF A 
BRONCHIAL IUBI IN SACCULAIE D INJUNDIBULA, 


The lungs are formed by the ramifications of the bronchial tubes 
and their terminal expansions, which form groups of sacculated dila- 
tations (ufundibula), beset everywhere wath small hemispherical 
bulgings, known as the air-cells 01 pulmonary alreols. 





Fig 146.—PorTIoN OF A TRAMSVERSE SECHION O1 A BRONCHIAL TUBE, HUMAN, 
6 MM. IN DIAMETER. (Magnified 50 diameters. ) 


a, cartilage and fibrous layer with mucous glands, and 1n the outer part, a little fat ; in the 
middle, the duot of a gland opens on the inner sutiace of the tube, b, annular layer of 
involuntary muscular fibres , ¢, elastic layer, the clastic fibres in bundles wluch arc seen 
cut across , d, columnar ciliated epithclium, 


The bronchial tubes (figs. 146, 147) are lined in their whole 
\extent by ciliated epithelium which rests on a basement-membrane, 
ixternal to this is the corium of the mucous membrane, containing a 
large number of longitudinal elastic fibres and some lymphoid tissue. 
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Outside this again is a complete layer of plain muscular fibres encircling 
the tube. Next comes a loose fibrous layer in which, in the larger 
tubes (fig. 146), small plates of cartilage are embedded. Mucous 
glands are also present in this tissue. 





Pre. 147.—Src nov OF A SWALL BRONCHIAL TUB) FROW THE PIG’S LUNG, 
(This section 1s much more magnificd than that represented in the previous 
figure.) 


a, fibrons layer , 6, museniar laycr, +, Mucous membrane im Tongitudinal Salis with nnner- 
ous longitudinally running clastic fibres cut across, d@ cilrited cpithehum, 7, surround- 
ing alveoli. 


The smallest bronchial tubes, which are about to expand into the 
infundibula, gradually lose the distinctness of the several layers, their 
wall at the same time being greatly thinned out and becoming bulged 
to form the alveoli. The epithelium also becomes changed; from 
columnar and ciliated it becomes cubical and non ciliated. 

In the alveoli themselves, besides small groups of cubical cells, 
there are large irregular flattened cells (fig. 148) which form an 
extremely delicate layer, separating the blood-capillaries from the air 
within the alveoli. The capillary network of the alveoli is very 
close (fig. 149), and the capillary vessels of adjoining alveoli are in 
complete continuity, the vessels passing first to ono side and then to 
the other of the septa which separate the adjacent alveol1. 

Blood-vessels.—Brauches of the pulmonary artery accompany the 
bronchial tubes to be distributed to the capillary networks upon the 
alveoli, from which the blood is returned by the pulmonary veins 
which, pursuing a separate course through the tissue of the lung, join 
in their course with others to form larger vessels which pass to the 
hilus. Branches from the bronchial arteries are distributed to tlre 
walls of the bronchial tubes, and to the connective tissue of the lung. 
This tissue intervenes everywhere in small quantity between the in- 
fundibula (imterstitial tissue), and forms a distinct layer, containing 
much elastic tissue, covering the surface of the lung underneath the 
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Fie 148—Sec TION OF TART OT CALS LUNG, SPAINLD WITH NITRATE OF SITVER. 
(Highly macnificd ) 
Lhe small grinuliu ani the liree flattened 1s of the alwcooh are shown) = Tn the middie 1 a 


section of a lobulu br nel ul tub with vy uch of the granular 4 ivement epithclium 
eclls on one side 





Fig 149-——S¢110N OF INJECTED TUNG, INCLUDING SFVILAT CONTIGUOUS ATV EOL 
(Uishly magnified ) 
«oa, free edges of alvcol ¢ c, partitions between neighbouring Uveol secn in acction, 
& ema) arterial biainch giving off capliaries to the alyeoly The loo, ing of the vessel» to 
cither aide of the partitions is wall xh bite) Between the capilities im seen the hom) 
geneous alycotm wall with nad cf connectrye tissue corpu cles ant clastic fibics 
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serous membrane (subserous tissue). In some animals this subserous 
layer contains plain muscular tissue, which is especially developed 
near the lung-apex. 

The lymphatics of the lung form two sets of vessels, one set 
accompanying the bronchial tubes, and another set forming a network 
in the interstitial connective tissue, and in the subserous tissue. Both 
sets of lymphatics tend towards the hilus and enter lymphatic glands 
at the root of the lung. Those in the subserous tissue communicate 
by means of stomata between the epithelial cells of the serous mem- 
brane with the cavity of the pleura. 

The plewra, which covers the surface of the lung, has the usual 
structure of a serous membrane. It is provided with a special network 
of capillary blood-vessels, which are supplied by branches of the 
bronchial arteries. 
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LESSON XXVI. 


STRUCTURE OF THE TEETH, THE TONGUE, AND MUCOUS 
MEMBRANE OF THE MOUTH. 


1. Stupy first with the low power and afterwards with the high power a 
longitudinal section of a human tooth which has beon prepared by grinding. 
It is better to purchase this specimen, for the process of preparation is 
difficult and tedious without the aid of special apparatus. Examine carefully 
the enamel, the dentine, and the cement. The dark appearance of the 
dentinal tubules is due to their containing air in the dried specimen. Measure 
the diameter of the enamel prisms and of some of the dentinal tubules. 
Make sketches from each of the tissues. 


2. Mount in Canada balsam a section of a tooth 1m situ, which has been 
decalcified in chromic or picric acid and stained with logwood or borax- 
carmine. In this section the mode of implantation of a tooth, as well as the 
structure of the pulp, can be made out. Make a general sketch under a low 
power, and under a high power draw a small piece of the pulp showing the 
processes of the odontoblasts extending into the dentinal tubules. 


3. The development of the tecth and the formation of their tissues are 
studied in sections made across the snout and lower jaw of fcetal animals. 
The preparation should be stained in bulk with alcoholic magenta, borax- 
carmiine, or hematoxylin, and embedded in paraffin, and the sections mounted 
by the shellac-creosote process (see Appendix). 


4, Section across the whole tongue of a small mammal; stain with log- 
wood, and mount in Canada balsam. In these sections the arrangement of 
the muscular fibres and the structure of the papilla of the mucous mem- 
brane may be studied ; and if the organ have been previously injected, the 
arrangement of the blood-vessels in the muscular tissue and in the mucous 
membrane will also be well seen. 


THE THKEETH. 


A tooth consists of three calcified tissues: the enamel, which is of 
epithelial origin, the dentine, and the cement, or crusta petrosa. The 
dentine forms the main substance of a tooth, the enamel covers the 
crown, and the cement is a layer of bone which invests the root 
(fig. 150). 

The enamel is formed of elongated hexagonal prisms (fig. 151), 
which are set vertically, or with a slight curvature upon the surface of 
the dentine. They are marked at tolerably regular intervals with 
slight transverse shadings producing an indistinct cross-striated ap- 
pearance. Sometimes coloured lines run through the enamel across 
the direction of its fibres. 
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The dentine is composed of a hard dense substance like bone, but 
containing no Haversian canals or lacune. It is pierced everywhere, 
however, by fine canaliculi (dentinal tubules, figs. 152, 158), which 
radiate outwards from a central cavity which, during life, contains the 
pulp. The tubules branch at acute angles as they pass outwards; 
their branches become gradually finer towards the periphery of the 
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dentine. The tubules have a proper wall of their own, which can be 
isolated by steeping a section of tooth in strong hydrochloric acid. In 
the living tooth they are occupied by protoplasmic fibres, which are pro- 
longed from the superficial cells of the pulp. 

The intertubular substance is for the most part homogeneous, but 
here and there indications can be seen of its deposition in the form of 
globules. This is especially the case near the surface of tho dentine, 
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where the globular deposit and the interglobular spaces may produce 
a granular appearance (granular layer, fig. 162, 2), aud also in the 
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course of certain lines or clefts which are seen traversing che dentine 
across the direction of the tubules (incremental lines, fig. 150, shown 
magnified in fig. 154). 





Fig. 154.—A sVWALL PORTION OF THE DENTINE WIS INTERGLOBULAR SPACES, 
(350 diameters. ) 


c, portion of incremental line formed by the interglobular spaces, which are’here filled up 
by a transparent material. 


The pulp consists of a soft, somewhat jelly-like, connective tissue, 
containing many branclied cells, a network of blood-vessels, and some 
nerve fibres which pass into the pulp-cavity along « ith the blood- 
vessels by a minute canal at the apex of the fang. The superficial 
cells of the pulp form an almost continuous layer, like an epithelium. 
They are known as odontoblasts, from having been concerned in the 
formation of the dentine. 

The crusta petrosa (fig. 152, 1) is a layer of lamellated bone in- 
cluding lacune and canaliculi, but without Haversian canals, at least 
normally in the human teeth. It is covered with periosteum (dental 
periosteum), which also lines the socket, and serves to fix the tooth 
securely. 

Formation of the teeth.--The teeth are developed in the same 
manner as the hairs. A thickening of the epithelium occurs along the 
line of the gums, and grows into the corium of the mucous membrane 
(common enamel-germ, fig. 155, A). At regular intervals there is yet a 
further thickening and growth from the common enamel-germ into the 
tissue of the mucous membrane, each of these special rudiments swelling 
out below into a flask-shaped mass of cells, the special enamel-germ, 
fig. 155, B). A vascular papilla grows up from the coriwn into the 
bottom of the special enamel-germ (fig. 155, C, D) ; this papilla has 
the shape of the crown of the future tooth. Each special enamel- 
germ, with its included papilla, presently becomes cut off from the 
epithelium of the mouth, and surrounded by a vascular membrane— 
the dental sac. The papilla becomes transformed into the dentine of 
the future tooth, and the enamel is deposited upon its surface by the 
epithelial cells of the enamel-germ. The root of the tooth, with its 
covering of cement, is formed at a later period, when the tooth is 
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Fig. 155. 
(3 centimeters long.) 


A. SECTION ACROSS THE UPPER JAW OF A FQASTAL 5HEEP. 
1, common enamel-germ dipping down into the mucous membrane where 1t is half surrounded 
by a semilunur-shaped more dense-looking tissue, the germ of the dentine and dental sac ; 
BUT PASSING 


PREVIOUS FIGURE, 
FLASK-SHAPED. 


2, palatine process of the maxilla. 
HERE BECOMING 


TO THAT SHOWN IN) THE 


B, SECTION SIMILAR 
OF THE SPECIAL ENAMEL-GERMS 


THROUGH ONE 
c, e’, epithelium of mouth ; 7, neck; 7’, body of special enamel-germ. 


SECTIONS AT LATER STAGES THAN A AND B, THE PAPILLA HAVING BE- 


C and D. 
COME FORMED AND INDENTED THE ENAMEL-GERM, WHICH HAS AT THE SAMK TIME 


GROWN PARTLY ROUND IT, 
ce, epithelium of gum, sketched in outline; 4. neck of enamel-geim; //’, enamel-organ ; ¢, its 


deeper columnar cells; ¢, projcetions into the corium ; yp, papilla; s, dental sac forming. 
In D, the enamel-germ (9) of the corresponding permanent tooth has become formed. 
K 
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beginning to giow up through the gum, by a gradual elongation of the 
base of the papilla 

Previously to the deposition of the enamel, the enamel germ under 
goes a peculiar transformation of its pieviously rounded epithehum- 
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cells to three layers of modihed cells Onc of these is a layer of 
columnar cells (fig 156, d), which immediately covers the surface 
of the dentine. These columnar cells foim the enamel ptisms cither 
by a deposition of calcareous salts «external to them, or by a duect 
erlefication of their protoplasm. The cells next to the dental sac 
form a single layer of cubical epithelium (c¢), all the other cells of the 
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enamel-germ become transformed into branching corpuscles (c) com- 
municating by their processes, and thus forming a continuous net- 
work, The enamel-germ, after it is thus modified, is known as the 
enamel-organ. 

The dentine of the tooth is formed by calcification of the surface of 
the papilla. At this surface there is a well-inarked layer of odonto- 
blasts (fig. 157), and these produce a layer of dentinal matrix which 
forms a sort of cap to the papilla, and which soon becomes calcified by 
the deposition of globules of calcareous matter. Processes of the 
odontoblasts remain in the dentine as it 1s forming, and thus the 
dentinal tubules are produced. Subsequently other layers of dentine 
are formed within the first by a repetition of the same process, and in 
this way tle papilla gradually becomes calcified. A part, however, 
remains unaltered in the centre of the tooth, aud with its covering of 
odontoblasts forms the pulp. 

The ten milk-teeth are formed in each jaw in this manner. 
These, however, become lost within a few years after birth, and are 
replaced by permanent teeth 1 much the sume way that a new succes- 
sion of hairs occurs. A small outgrowth takes place at an early period 
from the enamel-germ of each of the milh-teeth (fig. 155, D, fp), and 
this eventually becomes the gern of the correspouding permanent 
tooth. It gradually enlarges, acquires a papilla, forins an enamel- 
organ, in short, passes through the same phases of development as its 
parent germ, and when the imilk-tvoth drops out of the jaw in conse- 
quence of the absorption of its roots (by osteoclasts) the permanent 
tooth grows up into its place. 

But there are six permanent teeth in each jaw which do not suc- 
ceed milk-teeth ; these are the permanent molars. They are developed 
from an extension backwards of the original epithelial thickening 
(common enamel-germ) and the downgrowth from this into the corium 
of three successive special enamel-germs at comparatively long intervals 
of time. Within these the tissues of the permanent molars become 
formed in a manner exactly simuar to that im which the milk-teeth are 
developed. 


THE TONGUE. 


The tongue is mainly composed of striated muscular fibres, running, 
some longitudinally, and others transversely. It is covered by a mucous 
membrane, the epithelium of which, like that of the rest of the mouth, is 
thick and stratified, and conceals iwicroscopic papille (fig. 158) like 
those of the skin. Besides thesc, the upper surface of the organ is 
covered with larger papillw, which give it arough appearance. These, 
which are termed the lingual papille, are of three kinds: (1) About 
twelve or thirteen comparatively large circular projections, each of which 
is surrounded by a narrow groove (fossa), external to which the mucous 
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membrane is raised above the general level (vallum) (fig. 159). These 
papilla form a V-shaped line towards the back of the tongue; they 
receive filaments of the glosso-pharyngeal neve, and have taste-buds in 
the epithelium which covers their sides, and in that of the side of the 
vallum. They are known as the circumvallate papilla. (2) All the rest 
of the papillary surface of the tongue is covered by conical papilla, so 
named from the conical pointed cap of epithelium which is borne by 
each; sometimes this cap is fringed with fine epithelial filaments, when 
they are termed filiform (fig. 161). (8) Scattered here and there 
amongst the conical papille are other larger papille, the fungiform 
(fig. 160). These aie very vascular, and lie partly embedded in little 
depressions of the mucous membrane. 

Small tubular glands may be seen between the superficial muscular 
fibres sending their ducts to the surface. Most of them secrete mucus, 
but those which open into the treuches of the circumvallate papilla, 
and a few others elsewhere, yield a serous secretion. 

The mucous membrane at the back of the tongue contains a large 
amount of lymphoid tissue. 

The taste-buds. ‘The minute gustatory organs which are known as 
tasle-buds may be see m sections which pass through the papille 
vallate or the papille fungiformes ; they are also present here and 
there in the epithelium of the general mucous membrane of the tongue, 
especially at the back and sides, and occur also upon the under surface 
of the soft palate, and on the epiglottis. But they are most easily 
studied in the papille foliate of the rabbit, two small oval areas lying 





Fic. 162.—Tovneti Ob RABBIT, SHOWING THE STPUATION OF TI 
PAPILLA POTTAL &, p. 


on either side of the back of the tongue and marked transversely with 
a number of small ridges or lamine with intervening furrows (see 
figs. 162 and 168), Sections across the ridges show numerous 
taste-buds embedded in the thick epithelium which clothes their sides. 

The taste-buds are ovoid clusters of epithelium-cells which lie in 
cavities in the stratified epithelium (fig. 164). The base of the taste- 
bud rests upon the corium of the mucous membrane, and receives a 
branch of the glosso-pharyngeal nerve ; the apex is narrow and com- 
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municates with the cavity of the mouth by a small pore in the super- 
ficial epithelium (gustatory pore, fig. 164, p). 
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hic 163.—VERIICAL SiC LION OL PAPITTA FOLIANEA OF 1HE RABBIT, PASSING 
ACROSS 1HE Forr1 (Ranvier ) 


p, central lamina of the coriuvm 7 section across a yen which traverses the whole length 
of the foha yp’ lateril lamma in which the nerve fibres inn g taste bud 2» sections 
of netve bunUes a@ serou gin! 





Tic. 164 —Snc110V TNROLGH TUF MIDDIF OF A LASIE BUD. (Ranvier ) 


p gustatory pore, s gustatory ccll 7 sustentaculir cell m lymph cell contaiming fatty 
granules, e superfici sl cells of the strataficd epithelium , n, nerve fibres 


The cells which compose the taste-bud are of two kinds, viz.: 
1. The gustatory cells (fig. 165, a), which are delicate fusiform or 
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bipolar cells composed of the cell-body or nucleated enlargement, and 
of two processes, one distal, the other proximal. The distal process is 
nearly straight, and passes towards the apex of the taste-bud, where it 
terminates in a small, highly refracting cilium-like appendage, which 
projects into the pore above mentioned. The proximal process is more 
delicate than the other, and is often branched and varicose; it 1s 





Kyu. 165 —VaARrious CELLS FROM TASTL-BLD OF RABRIF. (600 diameters.) 


a, four gustatory cells from central part ; 6, two sustentacular cells, and one gustatory cell, in 
connection ; ¢, three sustentacular cells. 


believed to be directly connected with an entering nerve-fibre. 2. The 
sustentaculur cells (fig. 165, c). These are elongated cells, mostly 
flattened, and pointed at their ends; they lie between the gustatory 
cells, which they thus appear to support, and in addition they form a sort 
of envelope or covering to the taste-bud. Between the cells of the taste- 
bud lyniph-corpuscles are often seen, having probably wandered here 
froin the subjacent mucous membrane. 
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LESSON XXVII. 
THE SALIVARY QLANDS. 


1. Srupy carefully sections of the submaxillary gland of a dog. The 
gland should have been hardened in alcohol and stained with logwood. 
Notice the acini filled with clear cells, the nuclei of which usually lie near the 
basement-membrane. Notice hero and there, outside the clear cells, domi- 
lunes or crescents of small darkly stained granular-looking cells. Observe also 
the sections of the ducts with their stnated columnar epithelium. Try and 
find a place where one of the ducts is passing into the alveoli. Sketch under 
a high power. 


2. Study soctions of the parotid gland propared in a similar way. 


8. Examine small pieces of both submaxillary and parotid gland fresh in 
saline solution. In tho submaxillary gland notice that the alveolar cells are 
swollen out with clear mucigen, but that those of the parotid are filled with 
graniles (zymogen).' Make a sketch from each preparati n under a high 
power. 


4, Prepare a transverse section of the cesophagus. Notice the thick 
muscular coat partly containing cross-striated fibres and the mucous mem- 
brane with its papille and stratified epithelium. Look for mucous glands in 
the arcolar coat. Sketch under a low power. 


The salivary glands may be looked upon as typical of secreting 
glands in general. They are composed of a number of lobules bound 
together loosely by connective tissue. Hach small lobule is formed of 
a group of saccular or somewhat tubular alveoli or acini (fig. 166) from 
which a duct passes, and this, after uniting with other ducts to form 
larger and larger tubes, eventually leaves the gland to open upon the 
surface of the mucous membrane of the mouth. 

The alveoli are enclosed by a basement-mombrane, which is 
reticular (fig. 167). This basement-membrane is continued along the 
ducts. Within it is the epithelium, which in the alveoli is composed of 
polyhedral cells (fig. 168, a), but in the ducts is regularly columnar, 
except in that part of the duct which immediately opens into the 


1 To study the changes which the alveolar cells undergo during secretion, pilo- 
carpine is injected subcutaneously into an animal in sufficient amount to produce 
copious salivation ; after which the animal is killed and its salivary glands are 
examined as in preparation 3. The granules are not seen in preparations that 
have been in alcohol, but osmic acid preserves them ; they are best seen, however, 
in the fresh tissue. 
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Fic 166.—DiAGRAM OF INL CONSFRUCTION OT A TOTLET Of A TTRLITO-RACKWMOSE 
(ACINO LUBULAL) MLCOLS CLAND 


« duct, 6 a branch of the duct ¢ alveoh as they lie tozether im the glint do the sume 
sep uate 1 showing their connection 1s an frre ular tub< 





Liq 167 —Mi wBRANA LROLETA OF £WO ALVIOLT TSOLALFD 


The preparation Is taken fiom the orbitul glind of the dog which as similor in structure to 4 
mucous salivary glunl 





Fia 168 —SFcrion OF TIK SUBMAXITTARY GLAND OF INK DOG, SHOWING THI. 
COMMFNCFMENL OF A DICT IN THI ATVFOLI, (Magnified 425 diameters ) 


n, one of the alveoli sevcral of which are in the section shown grouped around the 
commencement of the duct d! a! an alveolus, not opctned bj the section, & basement- 
membrane mn section ¢ inter-titial connective tissue of the gland @ section of a duct 
Which has pasyed away fiom the alveol: And is now lined with chuactensticall) stiiated 
columnar ccs ¢ semiluna proup of darkly stained cells at the pcamphery of an alveolus, 
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Tig 169 —SEC1iON OB DOC’S SURMAXIEEARY, SEAINID 


a tuct & alveclus ¢ cresc 1b 





Tic 170 —S1c1I0ON OF EART Ob 11k HUMAN SUBWAXITTARY CT AND 
lo the nght of the figure 1s a group of mucous ilveol to the left a zrou, of serous alvcoli 





Lic 171 —ALVEOTI OF A SEROUS GIAND A, Alt RESt) B, ARPRR A SHORT EFRIOD 


Ob ACTIVITY. CU, APTFR A BROLONGID 11 RIOD OF ACIIVILY 
tt tissu 


LZ In A and B the nuclei are ob-cured by the granules of zymogen 
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alveoli; in flis it is flattened (d’). The columnar epithelium of the 
ducts is peculiar, in that the cells show a distinction into two unequal 
zones, an outer, larger, striated zone, and an inner, smaller, granular 
one (fig. 168, d). 

The cells of the alveoli differ according to the substance they 
secrete. In alveoli which secrete mucus, such as all the alveoli of the 
dog’s submaxillary, and some of the alveoli of the same gland in man 
(fig. 170), the cells are clear and swollen out with mucigen, which is 
discharged into the ducts when the gland is stimulated to activity. But 
in each alveolus there are some smaller cells which do not contain 
mucigen, and these generally form crescentic groups which lie next to 
the basement-membrane (fig. 169, c). These are the so-called crescents 
of Gianuzzi; their constituent cells are also known as marginal cells. 
In alveoli, on the other hand, which do not secrete mucus, but watery or 
serous saliva, such as the parotad in all animals, and some of the alveoli 
of the human submaxillary, the cells are filled with granules when the 
gland is at rest, although the outer part of each cell may become clear 
after a long period of secretion (fig. 171). 

The largest ducts have a wall of connective tissue outside the base- 
ment-membrane, and also a few plain muscular cells. The blood-vessels 
of the salivary gland form a capillary network around each alveolus. 
The lymphatics commence in the form of lacunar vessels encircling the 
alveoli. The nerve-fibres, which are derived both from the cerebro- 
spinal nerves and from the sympathetic, have not becn satisfactorily 
traced to their termination, but they probably become connected with 
the alveolar cells. 


THE PHARYNX AND CGSOPTTAGUS. 


The pharynx is composed ofa fibrous membrane, which is encircled 
by striated muscles, the constrictors, and lined by mucous membrane. 
The mucous membrane is lined in the upper part of the pharynx and 
on the upper surface of the soft palate with ciliated epithelium, which 
is continuous with that of the nostrils, and through the Eustachian 
tube with that of the tympanum. Below the level of the soft palate 
the epithelium is stratified like that of the mouth and gullet_.es, 
which it ~~ “95, In certain parts the mucous membrs; unose of +1 -» into 
large P att of lymphoid tissue, especignry layer. ‘hie back ae ‘A 
formr projection which is‘sometimes termed® 8 4),, phar al fe 
and there are numerous mucous glands opening®2% 5, its ae s cee 
The cesophagus or gullet, which passes from” __ the pharynx to the 
stomach, consists, like the pharynx, of a fibrous cove. ring, & muscula 
coat, a lining mucous membrane, and intervening con. | anise tins j 
(areolar coat) (fig. 172). The muscular coat is much more re, eres 
arranged than that of the pharynx; and is composed of striated nna , 
in about its upper third only, the rest being of the plain variety. There f 
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are two layers of the muscular coat, an outer layer, in which the fibres 
run longitudinally, and an inner, in which they course circularly. The 
mucous membrane is lined by a stratified epithelium, into which micro- 
scopic papillm from the corium project. The corium is formed of areolar 
tissue, and its limits are marked externally by a narrow layer of lonsi- 





Tia, 172 —SEC LION OL LHE HUMAN ( SOPITAGUS, 


The section 19 transver ¢, and from ucar the milddic of the gullet « fibrous covciing; 
b divided fibres of the Jongitudinal imnscnlir coat, ¢ tinnsveise Muscular fibres, d, sub- 
mucous or areolar Jayc1., e musculus mucose , / pupila of mucous membi we, g, Iams 
nated epithehal hnimy , 2, mucous whind, 2, zlund duct, 


tudinally disposed plain muscular fibres, the muscularis mucose. This 
is separated from the proper muscular coat by the areolar coat, which 
contains the larger branches of the blood-vessels and lymphatics, and 
also most of the mucous glands of the membrane. 
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LESSON XXVIII. 
THE STRUCTURE OF THE STOMACH. 


1. Sections of the cardiac region of the dog’s stomach, cut perpendicularly 
to the surface of the mucous membrane. The tissue 1s to be stuined with log- 
wood or borax-carmine, and the sections are to be mounted in Canada balsain. 

In these sections the general arrangement of the coats of the stomach is to 
be studied and sketches are to be made under a low power illustrating this 
arrangement, and others under a high power showing the structure of the 
glands of the mucous membrane. 

Measure the whole thichness of the mucous mombrane, the thickness of 
the muscular coat, the size of the columnar epitheliuim-cells of the surface, 
and that of the cells in the deeper parts of the glands, 


2. Sections of the mucous» membrane of the same region, cut pmallel 
to the surface. 

These sections will show better than the others the arrangement of the 
cells in the glunds. 


3. Vertical sections of the mucous membrane trom the pyloric region 
of the dog’s stomach. Make a shetch under a low power of one of the glands 
in its whole length, filling up some of the details with the high power. 


4, Study the arrangement of the blood-vessels of the stomach m vertical 
sections of the wall of an organ the vessels of which have been injected. 


The wall of the stomach consists of four coats, which, enumerated 
from without in, are as follows, viz.: serous, muscular, areolar or sub- 
mucous, and mucous membrane. 

The serous coat is a layer which is derived from the peritonewn. 
It is deficient only along the lines of the lesser and greater curvatures. 

The muscular coat consists of three layers of plain muscular fibres. 
Of these the bundles of the outer layer run longitudinally, those of the 
middle layer circularly, and those of the inner layer obliquely. The 
longitudinal and circular bundles become thicker and stronger towards 
the pylorus, at which they pass into the corresponding layers of the 
small intestine; at the pylorus itself the circular layer is greatly 
thickened to form the sphincter muscle. The oblique fibres are only 
present in the left or cardiac part of the stomach. 

The areolar or submucous coat is a layer of areolar tissue, which 
serves to unite the mucous membrane loosely to the muscular coat ; 
in it ramify the larger branches of the blood-vessels and lymphatics. 
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pass to the organ along its curvatures. The arteries pass through the 
muscular coat, giving off branches to the capillary networks of the 
muscular tissue, and ramify in the areolar coat. From this, small 
arteries pierce the muscularis mucose, and break up into capillaries 
near the bases of the glands. The capillary network extends between 
the glands to the surface, close to which it terminates in a plexus of 
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bic. 176 —P1 AN OF LE BTOOD- 
WESST LS OF JHL STOMACH. 


a, smvull arteries passing to break up 
into the finc capillary uctwork, d, 
Detween the glands, 0b, coirse. 
cunilary network around the 
mouths of the glands; ¢, ¢, veins 
pwsing vertically downwirds fiom 
the superficial uctwork, e, larzer 
vessels in the submucosa. 





Fig. 175.—A Py ORIC GI AND, 
FROM A SECLFION OL THL 
DOG’S STOMACH. 


m, mouth; », neck, 77, a decp por- 
tion of a tubule cut transvei-ely. 


velatively large venous capillarics which encicle the mouths of the 
glands. From this plexus straight venous radicles pass through the 
mucous membrane, pierce the muscularis mucose, and join a plexus of 
veins in the submucous tissue. From these veins blood is carried 
away from the stomach by efferent veins, which accompany the enter- 


ing arteries. 
The lymphatics (fig. 177) arise in the mucous membrane by a 
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plexus of large vessels dilated at intervals, and looking in sections like 
clefts in the interglandular tissue. From this plexus the lymph is 
carried into larger valved vessels in the submucous coat, and from 
these, efferent vessels pass through the muscular coat to reach the 





Fic. 177.—L\YMPHAIICS OF THE HUMAN GASTRIC MUCOLS MEMBRANE, INJFCTED. 


The tubules arc only faintly indicated , a, muscularis mucose, b, plexus of fine vessels at 
base ot glands, ¢, plexus of larger valvcd lymphatics in submucosa, 


serous membrane, underneath which they pass away from the organ. 
The muscular coat has its own network of lymphatic vessels. These 
lie between the two principal layers, and their lymph is powed into 
the efferent lymphatics of the organ. 

The nerves have the same arrangemont and mode of distribution 
as those of the small intestine (see next Lesson). 
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medullated nerve-fibres known as the plexus myentericus of Auerbach. 
The ganglia of this plexus may usually be seen in vertical sections of 
the intestinal wall, but the plexus, like the one in the submucous coat 
immediately to be described, can only be properly displayed in prepara- 
tions made with chloride of gold (fig. 178). 

The submucous coat is like that of the stomach; in it the blood- 
vessels and lymphatics ramify before entering or after leaving the 
mucous membrane, and it contains a gangliated plexus of nerve-fibres— 





Fig. 179.—-P LEXUS OF MEISSNER IROM THE SUBMUCOUS COAT OF THE INIESILNE. 
(Cadiat.) 


the plexus of Meissner—which is finer than that of Auerbach and has 
fewer ganglion-cells (fig. 179). Its branches are chiefly supplied to the 
muscular fibres of the mucous membrane. 

The mucous membrane is bounded next to the submucous coat by 
a double layer of plain muscular fibres (muscularis mucos@). Bundles 
from this pass inwards through the membrane towards its inner sur- 
face and penetrate also into the villi. The mucous membrane proper 
is pervaded with simple tubular glands—the crypts of Lieberkuhn— 
which are lined throughout by a columnar epithelium like that which 
covers the surface and the vill. The mucous membrane between these 
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glands is mainly composed of lymphoid tissue, which 1s aggregated at 
intervals into more solid nodules (fig. 181) constituting when they occur 
singly the so called solitary glands of the intestine, and when aggregated 


al 





lice 180 —GRross SFC TION OF A &SMAIL FRAGWENT OF 10F MUCOUS MEMBRANE 
OF THF INIFSLINE, INCLUDING ONF ENTIRE CRYPL OF LIF BERKUHN AND 
TARTS OF 1HREF OFHERS, (Magmnificd 400 diamete: ) 


a cavity of the tubular glans or crypts 9% one of the lining epithelial cells, ¢ the inter 
glaniular ti sue d lymph ells 





Fie. 181 —SFcTION OF 1HF ILEUM THROLGH A TYWIHOI NOpLTF = (Cadiat ) 


a middle of the nodule with the lymphoid tissue partly tien awiy from the section, 
b epithelium of the intestine, ¢c, villi their epithelimin is partl) broken away, d, crypts 


of Lieberkiihn 


together form the agminated glands or patches of Peyer. The latter 


oceur chiefly in the eum. 
The 22d with which the whole of the inner surface of the small 
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intestine is closely beset are clavate or finger-shaped projections of the 
mucous membrane, and are composed, like that, of lymphoid tissue and 
covered with columnar epithelium: (fig. 182). The characters of this 
have been already described (Lesson VII.). Between and at the base 
of the epithelium-cells many lymph-corpuscles occur. The epithelium 
rests upon a basement-membrane formed of flattened cells. In the 
middle of the villus is a lacteal vessel (c./) which is somewhat 
enlarged near its commencement. Surrounding this vessel are small 





Fic, 182.—Cross-seciioN OF A VILLUS O1 THE CAT’s INTESIINE, 


, columnar epithelium ; g, goblet cell, its mucus is seen partly exuded ; 7, lymph-corpuscles 
between the epithelium-cells; 6, basement-membrane; c, blood-capillaries ; m, section 
of plain muscular fibres; c J, central lacteal. 
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Fig, 183.—MAGNIFIED VIEW OF THE RBLOOD-VESSELS OF TITE INTESTINAL VILII 


The drawing was taken from a preparation injected by Lieberklihn, and shows, belonging to 
each villus, a small artery and vein with the intermediate capillary network, 


bundles of plain muscular tissue prolonged from the muscularis mucose. 
The network of blood-capillaries (fig. 183) lies for the most part near 
the surface within the basement-membrane; it is supplied with blood 
by a small artery which joins the capillary network at the base of the 
villus; the corresponding vein generally arises nearer the extremity. 
The lymphatics (lacteals) of the mucous membrane (fig. 184), after 
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receiving the central lacteals of the villi, pour their contents into a 
plexus of large valved lymphatics which lie in the submucous tissue 
and form sinuses around the bases of the lymphoid nodules. From 
the submucous tissue efferent vessels pass through the muscular coat, 
receiving the lymph from an intramuscular plexus of lymphatics, and 
are conveyed away between the layers of the mesentery. 





Fig, 184.—V RIC AL SFCLION OF A PORLION OF A PALCH OF PRYFI’s GLANDS, WILH 
THH LACIFAL VESSILS INJFCILD, (32 diameters.) (fHrey.) 


The specimen is from the lower part of the ileum a, vilh, with thei lacteals left white; 
b, some of the tubula2 glands, c, the muscular laycr of the mucous membrane, d, cupola 
or projecting part of the nodule, e, central part, * the reticulated lacteal vessels occu 
ping the lymphoid tissue between the nodules jomed above bj the lacteals from the 
villi and mucous surface, and passing below into g, the sinus hhc lacteals under the 
nodules, which again pass into the large efferent lactcals, gy’, t, part of the mu~ ular coat 


Absorption of fat.—The lymph-corpuscles of the villi are the chief 
agents in effecting the passage of fat-paiticles into the lacteals. In 
order to study this process of transference, it 1s convenient to stain 
the fat-particles with osmic acid, which colours them black. It can 
then be observed that in animals which have been fed with fat these 
particles are present (1) in the columnar epithelium-cells ; (2) in the 
lymph-cells ; and (8) in the cential lacteal of the villus. The lymph- 
cells are present not only in the reticular tissue of the villus, but also 
in considerable number between the epithelium-cells; and they can 
also be seen in thin sections from osmic preparations within the com- 
mencing lacteal; but in the last situation they are in every stage of 
disintegration. 

Since the lymph-cells are amceboid, it is probable from these facts 
that the mechanism of fat-absorption consists of the following pro- 
cesses—viz. (1) absorption of fat into the columnar epithelium-cells of 
the surface; (2) inception of fat by the lymph-corpuscles in the epi- 
thelium, partly from the epithelium-cells, and partly, perhaps, directly 
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from the intestinal contents; (8) migration of the lymph-corpuscles 
carrying the incepted fat-particles by their amceboid movements through 
the tissue of the villus and into the central lacteal; (4) disintegration 
and solution of the immigrated lymph-corpuscles, and setting free both 
of their fatty contents and also of the proteid matters of which they 
are themselves composed. 
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Lid, 185, AA-SEC LION OF 1HE VITIUS OF A RAL KITLID DURING LAP-ABSORPLION, 


ep, epithehum sf), striated border ¢ Iyvmphcells ¢, lymph-cells in the eyithclium , 
é, central lactea! containing dixintegratiuy lymph-corpuscles, 


Tia. 185, B—Mucols MEMBRANE O1 LROG'S INUPSTIN] DURING 1 AI-ABSORPLION, 


ep, epithelium , sf7, strated border, ¢, lymph coipuscles , 7, lacteal 


This migration of the lymph-corpuscles into the lacteals of the 
vill is not a special feature of fat-absorption alone, but occurs even 
when absorption of othe: matters 1s proceeding; so that the transfer- 
ence of fat-particles is mezely a part of a more general phenomenon 
accompanying absorption. 


THE DARGE INTESTINE. 


The large intestine has the usual four coats, except near its ter- 
mination, where the serous coat is absent. The muscular coat is pecu- 
liar in the fact that along the cecum and colon the longitudinal 
rouscular fibres are gathered up into three thickened bands which pro: 
duce puckerings in the wall of the gut. 
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The mucous membrane of the large intestine is beset with simple 
tubular glands somewhat resembling the crypts of Lieberkihn of the 
small intestine, and lined by columnar epithelium similar to that 
of the inner surface of the gut, but containing many more mucus- 
secreting or goblet cells (fig. 186). The extremity of each gland is 
usually slightly dilated. The interglandular tissue is like that of the 





No. 186. — A GLAND OF THE 
LARGE INGRSLINE OF THE bod, 
(From Heidenhain and Klose.) 


&, in Jongitndinal, ¢, in transverse 
scetion, 





stomach, as is also the arrangement of the blood-vessels and lymphatics 
in it. The nerves of the large intestine also resemble those of the 
small intestine and stomach in their arrangement. 

At the lower end of the rectum the circular muscular fibres of the 
gut become thickened a little above the anus so as to form the internal 
sphincter muscle. In this region also there are a number of compound 
racemose mucous glands opening on to the surface of the mucous 
membrane. 
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LESSON XXXI. 
STRUCTURE OF THE LIVER AND PANCREAS. 


1. Make sections of liver and study them carefully with a low and high 
power. Sketch the general arrangement of the cells in a lobule under the 
low power and under the high power. Make very careful drawings of some 
of the hepatic cells and also of a portal canal. 


2. Study, first of all with the low and afterwards with a high power, a 
section of the liver in which both the blood-vessels and the bile-ducts have been 
injected. Make a general sketch of a lobule under the low power and draw a 
small part of the network of bile-canaliculi under the high power. 


8. Tease a piece of fresh liver in salt solution for the study of the appear- 
ance of the hepatic cells in the recent living condition. 


4, Prepare sections of the pancreas from a gland which has been hardened 
in alcohol. The sections are stained with borax-carmine and mounted in 
the usual way in Canada balsam. 

Make a sketch under the low power. 


5. Tease a small piece of fresh pancreas in salt solution. Notice the 
granules in the alveolar cells, chiefly accumulated 1n the half of the cell which 
is nearest the lumen of the alveolus, leaving the outer zone of the cell clear. 

Sketch a small portion of an alveolus under a high power. 


THE LIVER. 


The liver is a solid glandular mass, made up of the hepatic 
lobules. These are polyhedral masses (about 1mm. in diameter) of 
cells, separated from one another by connective tissue. In some 
animals, as in the pig, this separation is complete, and each lobule is 
isolated, but in man it is incomplete. There is also a layer of con- 
nective tissue underneath the serous covering of the liver, and forming 
the so-called capsule of the organ. 

The blood-vessels of the liver (portal vein and hepatic artery) enter 
it on its under surface, where also the bile-duct passes away from the 
gland. The branches of these three vessels accompany one another 
in their course through the organ, and are enclosed by loose connec- 
tive tissue (capsule of Glisson), in which are lymphatic vessels, the 
whole being termed a portal canal (fig. 187). The smallest branches 
of the vessels penetrate to the intervals between the hepatic lobules, 
and are known as the interlobular branches. ‘The blood leaves the 
liver at the back of the organ by the hepatic veins: the branches of 


these run through the gland unaccompanied by other vessels (except 
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lymphatics) and can also be traced to the lobules, from each of which 
they receive a minute branch (intralobular vein) which passes from the 
centre of the lobule, and opens directly into the (sublobular) branch 
of the hepatic vein. 





Fig, 187,.— SEC 1L10N OF A PORLAL CANAL. 


a, branch of hepatic artery; 1, branch of portal vein; @, bile-duct;: 7,7, lymphatics in the 
areolar tissue of Qlisson’s capsule which encloses the vessels, 
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Fig, 188.—DiaGRAMMATIC REPRESFNPFATION OF TWO HEPATIC LOBULES 


The left-hand lobule is represented with the intralobular vein cut across; in the right-hand 
one the section takes the course of the intralobular vein p, interlobular branches of the 
ortal vein; A intralobular branches of the hepatic veins; s, sublobular vein ; c, capil- 
aries of the lobules. The arrows indicate the direction of the course of the blood, The 
liver-cells are only 1epresented in one part of each lobule. 


Each lobule is a mass of hepatic cells pierced everywhere with a 
network of blood-capillaries (fig. 188), which arise at the periphery of 
the lobule, there receiving blood from the interlobular branches of the 
portal vein (y), and converge to, the centre of the lobule, where they 
unite to form the intralobular branch of the hepatic vein. The inter- 
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lobular branches of the hepatic arteries join this capillary network a 
short distance from the periphery of the lobule. 

The hepatic cells (fig. 189), which everywhere lie between and sur- 
round the capillaries, are polyhedral, somewhat granular-looking cells, 





ria. 189 —Sro1v1i0ON OF RABBIL’S TIVIR WITH LHE INLEROFITUTAR NELWORA OF 
BITE CANATICULT INJECIED. (Highly magnified ) (Hering.) 


Two o1 three layers of cells are represented , b, b, blood-capillazies, 


each containing a spherical nucleus. After a meal, the cells in the 
outer part of the lobule may become filled with fat, and masses of 
glycogen can also frequently be seen within the cells. 

The dtle-ducts commence between the hepatic cells in the form of 
fine canaliculi, which lie between the adjacent sides of two cells, and 
form a close network, the meshes of which correspond in size to the 
cells {fig. 189). At the periphery of the lobule these fine canaliculi 
pass into the interlobular bile-ducts (fig. 190), the columnar epithe- 
hum-gells of which become, by a gradual transition, changed into 
cubical and polyhedral cells, which join those of the hepatic lobules. 

The bile-ducts are lined by clear columnar epithelium (fig. 187, d). 
Outside this is a basement-membrane, and in the larger ducts some 
fibrous and plain muscular tissue. Many of the larger ducts are beset 
with small csecal diverticula. 

The gall-bladder is in its general structure similar to the larger bile- 
ducts. It is lined by columnar epithelium, and its wall is formed of 
fibrous and muscular tissue. 

The lymphatics of the liver are said to commence as perivascular 
lymphatic spaces enclosing the capillaries of the lobules. Efferent 
lymphatics pass away from the organ in the connective tissue which 


invests the portal and hepatic veins. 
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Fic. 190.—Loneitt of RABBIL'S LIVER, VESSELS AND BILE DUCIS INJICLED, 
(Cadiat.) 


a, ceutial vein, 3, 6, pertpher u or iuterlobular vcins, ¢, interlobulw buc-duct, 


THE PANCREAS. 


The pancreas is a tubulo-racemose gland, resembling the salivary 
glands, so far as its general structure is concerned, but differing from 
them in the fact that the alveoli, m place of being saccular, are longer 
and more tubular in character (fig. 191). Moreover, the connective tissue 
of the gland is somewhat looser, and there occur in it at intervals 
small groups of epithelium-like cells, which are supplied with a close 
network of convoluted capillary vessels; their function is unknown, 
but their presence is very characteristic of tle pancreas. 

The cells which line the alveoli are columnar or polyhedral in 
shape. When examined in the fresh condition, or in osmic prepara- 
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tions, their protoplasm is filled in the inner two-thirds with small 
granules, but the outer third is left clear (fig. 192, A). After a period of 





Fic 191 —Src1ioN OF HIF PANCREAS OL [HF DOG. 
d termination of a duct in the tubular alveoli, ale. 





lic 192.—PARr Ob AN AIVELOLUS OF THE RABBILS PANCREAS, A, AT RFS13 
B, A¥ITLR ACIIVE SFCREFION = (foster, after Kuhne and Lea.) 


a, the inner granular zone, which in A ts larger and moze closely studded with fine granules 
than in &8,in which the granules are fewer and coarser, } the outcr transparent zone, 
small in A, larger in B, and in the latter marked with faint stra, c, the lumen very 
seas in B, but indistinct m A, d@, an indentation at the junction of two cells, only 
seen in B 


activity the clear part of the cell becomes larger, and the granular 
part smaller (B). In stained sections the outer part 1s coloured more 
deeply than the inner. 

In the centre of each acinus there may generally be seen some 
spindle-shaped cells, the nature of which (whether epithelial or col 
nective tissue) has not been determined (centro-acinar cells of Lar- 


gerhans). 


No 
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LESSON XXXII. 


STRUCTURE OF THE SPLEEN, SUPRARENAL CAPSULE, AND 
THYROID BODY ; 


1. Sections of the spleen stained with logwood. Notice the trabecule extend- 
ing into the substance of the organ from the capsule. Notice also that the 
glandular substance is of two kinds, (1) lymphoid tissue accumulated round 
the small arteries and here and there massed to form lymphoid nodules—the 
Malpighian corpuscles of the spleen—and, (2) a tissue consisting of a 
reticulum of branched and flattened cells containing blood in its intersticos 
and pervaded by capillaries and venous radicles. 

Sketch part of a section under a low power and a small portion of the 
reticulum under a high power. 


2. Sections across a suprarenal capsule. Examine fitov wuw4 a low 
power, noticing the general arrangement and extent of the cortical and 
medullary parts of the organ, making a general sketch which shall include 
both. Afterwards sketch caretully under the high power a group of cells 
from each part of the organ. 


3. Sections of the thyroid body stained with logwood. Notice the vesicles 
lined with cubical epithelium and filled with a ‘ colloid’ substance which be- 
comes stained by the logwood. Notice also in some parts of the sections a 
peculiar highly vascular retiform tissue. Sketch a part of this tissue and also 
one or two vesicles. Measure several vesicles. 


THE SPLEEN. 


The spleen is the largest of the so-called ductless glands. It 
appears tu be connected in some way with the elaboration of the blood, 
white blood-corpuscles being certainly formed and the coloured blood- 
corpuscles being probably submitted to destruction within it. 

Like the lymphatic glands, the spleen is invested with a fibrous and 
muscular capsule (fig. 193, A), and this again has a covering derived 
from the serous membrane. The capsule sends fibrous bands or tra- 
becule (6) into the organ, and these join with a network of similar 
trabeculee which pass into the gland at the hilus along with the blood- 
vessels. In the interstices of the fibrous framework thus constituted 
lies a soft pulpy substance containing a large amount of blood, and 
therefore of a deep red colour, dotted within which are here and there 
to be seen small whitish specks, the Malpighian corpuscles of the spleen 
(c,c). These are composed of lymphoid tissue which is gathered up 
into masses which surround the smaller arteries, whilst the red pul 
which everywhere surrounds them and which forms the bulk of the 
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organ is composed of a close network or spongework of flattened and 
grached cells like connective-tissue corpuscles. Coursing through the 
pulp and communicating with its interstices are capillary blood-vessels 





Fig 193.—Vri dC Al STCHION OF A SMALIT SUPITTLIICIAT PORLION OF IHF HL WAN 
SPI LEN, AS SEIN WILT A LOW 1OWFL 


A, peritoncal and fibious covering , 8 trabceulu oc, ¢ Malpighian corpuscles, in one of which 
an artery is seen cut transversely, in the other lon zitudinilly , d, injected arterial twigs; 
¢, Aplecn-pulp 





Fic, 124.—Trin SKcTioN OF SPLIIN-1U1P, HIGH] Y MAGNILIFD, SHOWING INF 
MODE OF ORIGIN OF A SMALIT VFIN IN PHF INLERBTICKRS OL THF PULP, 


v, the veln, fled with blood-corpus les, which are in continuity with others, bi, filling up the 
interstices of the retiform tissue of the pulp, w, wall of the vein, The shaded bodies 
amonget the red blood-coz puscles are pale corpuscles, 


which are connected with the terminations of the arteries ; whilst in 
other parts venous channels arise from the pulp, and bring the blood 
which has passed into its interstices from the arterial capillaries 
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towards the larger veins of the organ, which run in the trabecule, and 
are by them conducted to the hilus. The arteries, which are also at 
first conducted-from the hilus along the trabecule into the interior of 
the organ, presently leave the trabeculw, aud their external coat 
becomes converted into a thick sheath of lymphoid tissue which invests 
them in the remainder of their course, and in places becomes swollen 
into the Malpighian corpuscles already mentioned. These small 
arteries distribute a few capillaries to the Malpighian corpuscles, and 
then break up into pencils of small vessels which open into the pulp in 
the manner already mentioned. 

The cellular elements of the spleen-pulp are of three kinds, viz. 
large, amceboid, counective-tissue cells, also called splenic cells, lymph- 
corpuscles, and the branched, flattened cells which form the sponge- 
work. The first-named are frequently found to contain coloured 
blood-corpuscles in their interior in various stages of transformation 
into pigment. 

The lymphatics of the spleen run partly in the trabocule and cap- 
sule, and partly in the lymphoid tissue ensheathing the arteries. They 
join to form larger vessels which emerge together at the hlus. 


THE SUPRARENAL CAPSULES. 


The suprarenal capsules belong to the class of bodies known as duct- 
less glands, but they are entirely different in structure from the spleen 
and lymphatic glands. A section through the fresh organ (fig. 195) 





Fic. 195.—A VERTICAL SFC LION OF LID SUPRARENAT BODY OF A F(L1US, TWICE 
THE NATURAL SIZF, SHOWING THE DISIINGHTON BELWEEN LHh MEDULLARY 
AND CORLICAL SUBSTANCL. 


r, igsuing vein; 7, summit of kidney. 


shows a cortical zone which is striated vertically to the surface, and of a 
yellowish colour, and a medulla which is soft and highly vascular, and 
of a brownish-red colour. The whole organ is invested by a fibrous 
capsule which sends fibrous septa inwards to the cortical substance 
(fig. 196), subdividing this for the most part into columnar groups of cells 


(zona fasciculata, c). Immediately underneath the capsulo, however, 
M 
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the groups are more rounded (zona glomerulosa, b), whilst next to the 
medulla they have aclosely reticular arrangement (zona reticularis, d), 
and a similar disposition both of the cells and the connective tissue 19 
noticeable throughout the medulla. 

The cells which form the rounded groups and columns of the cortical 
substance are polyhedral mn form (fig. 197) , each contains a clear round 
nucleus, and thoie are often yellowish oil-globules in their protoplasm. 





lig 197.—OCrtts AND GEIT GROULS 

KROM INE © JPERVOS] TAYFR OF 
THF CORIICAL SURBSLANGF OF LHE 
SLPRARENAL BOD? 





Lic 196 —VeRTILAI SFC LION OL SLTERA 
KFENAL BODY (Mugnified.) 


1, cortical substance , 2 medullary substance li 198.—A SALI PURLION OF LHE 


, capsule, 6 zona glomerulosa, ¢ zona 
fasciculata , @ zona reticularis, € groups MFDUILARY PART OF LHE Sl PRA- 


of medullary cells, 7, section of a large vein hFNAL CAPSULE O} FHL OX. 


No blood-vessels penetrate between these cells, both the blood vessels 
and lymphatics of the cortex running in the fibrous septa between the 
columns, the lymphatics have been stated to communicate with fine 
spaces which run between the cells of the columns. 

The cells of the medulla (fig. 198) are more irregular in shape, and 
are often branched. Their protoplasm is erther cleai, or 14 may mn some 
ammals contam a brownish pigment, but m man the dark red colour of 
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the medulla is largely due to the blood contained in the large venous 
spaces by which it is pervaded, and which receive the blood after it has 
traversed the capillaries of the cortex. Investing the larger veins are 
bundles of plain muscular fibres ; and numerous nerves, after traversing 
the cortical substance, are distributed throughout the medulla, where 
they form a close plexus provided with ganglion-cells. 


THE THYROID BODY 


The thyroid body consists of a framework of connective tissue en- 
closing numerous spherical or oval vesicles (fig. 199) wlnch are lined 
with cubical epithelium. The cavities of the vesicles are filled with a 
peculiar viscid liquid which is coagulated by alcohol and which then 
becomes stained by hematoxylin. A similar material has been found 





Tia. 199.—SLO1ION OF LHI THYROID GLAND OF A CHIID 
Two complete vesicles and portions of others are representcd The vesicles are filed wath 
eolloid which also occupies the intcrstitial spaces) In the middle of one of the spaces a 
blood vessel 14 seen cut obliquely, and close to 1t 18 a plasma-ccll Between the cubical 
epithelium cells, sinaller cells Ike ly mph-<o1puscles uc here and there seen. 


in the lymphatics of the gland, and may sometimes be detected also in 
the interstices of the connective tissue. 

The blood-vessels of the thyroid ary exceedingly numerous, and the 
capillaries form close plexuses round the vesicles. Some of the blood- 
vessels are distributed to a pecuhar highly vascular retiform tissue 
which occurs in patches here and there in the organ. 

Disease of the thyroid or its extirpation 1s accompanied by remarh- 
able changes in the chemical composition of the blood and many of the 
tissues, resulting chiefly in the accumulation within them of a large 
amount of mucin; a condition of general myxwdema, and eventually of 
eretinism, being produced. 


Mm 2 
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LESSON XXXIII. 
STRUCTURE OF THE KIDNEY. 


1. Sections passing through the whole kidney of a small mammal, such as a 
mouse or rat. These sections will show the general arrangement of the organ 
and the disposition of the tubules and of the Malpighian corpuscles. 

A general sketch should be made of one of these sections under a low 
power. 


2. Thin sections of the kidney of a larger mamuunal, such as the dog, may 
next be studied. In some the direction of the section should be parallel 
with the tubules of the medulla, and in others across the direction of those 
tubules. Tho characters of the epithelium of the several parts of the uriniferous 
tubules are to be made out in these sections. 


8. Separate portions of the urimiferous tubules may be studied in teased 
preparations from a kidney which has becn subjectod to some process 
which renders it possible to unravel the urmiferous wubules for a certain 
diste nce.’ 


4. Sections of a kidney in which the blood-\essels have been injected. 
Examine these with a low power of the microscope. Try and follow the 
course of the arteries—those to the cortex sending their branches to the 
glomeruli, those to the medulla rapidly dividing into pencils of fine vessels 
which run between the straight uriniferous tubules of that part. Notice also 
the efferent vessels from the glomeruli breaking up mto the capillaries which 
are distributed to the tubules of the cortical substance. 

Make sketches showing these points. 


The kidney is a compound tubular gland. To the naked eye it ap- 
pears formed of two portions—a cortical and a medullary—the latter 
being subdivided into a number of pyramidal portions (pyramids of 
Malpighi), the base of each being surrounded by cortical substance, while 
the apex projects in the form of a papilla into the dilated commence- 
ment of the ureter (pelvis of the kidney).? Both cortex and medulla 
are composed entirely of tubules —the wriniferous tubules—which have 
a straight direction in the medulla and a contorted arrangement in the 
cortex; but groups of straight tubules also pass from the medulla 
through the thickness of the cortex (medullary rays). 

The uriniferous tubules begin in the cortical part of the organ in 
dilatations, each enclosing a tuft or glomerulus of convoluted capillary 


! For a method which may be employed for this purpose, see Course of Prac- 
tical Histology, p. 209. 

4 In many animals the whole kidney is formed of only a single pyramid, but 
in man there are about twelve. 
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blood-vessels, the dilated commencement of the tubule being hnown 
as the capsule (fig. 200, 1). The tubule leaves the capsule by a nar- 
row neck (2); 1t 13 at first convoluted (first convoluted tubule, 3), but 





Fig 200—DIAGRAM OF THE COLRST OF LWO ULRINIBIROUS ILBUIES 


A, cortex, B, boundary zone, (, papillary zone of the medulla, a, a’, superficial and deep 
lay ers of cortex, free from glomeruli Tor the explanation of the numeruls, see the text 


soon becomes nearly straight or slightly spiral only (spiral tubule, 4), 
and then, rapidly narrowing, passes down into the medulla towards the 
dilated commencement of the ureter as the descending tubule of Henle 
(5). It does not at once, however, open into the pelvis of the kidney, 
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but before reaching the end of the papilla it turns round in the form of 
a loop (loop of Henle, 6) and passes upwards again towards the cortex, 
parallel to iis former course and somewhat larger than before (ascend- 
ing tubule of Henle, 7, 8,9). Arrived at the cortex, it at first becomes 
irregularly zigzag (zigzag tubule, 10), and then again convoluted as at 
first (second convoluted tubule, 11), eventually, however, narrowing into 
a vessel (junctional tubule, 12) which joins a straight or collecting tubule 
(13). This now passes straight through the medullary substance of 
the kidney (14) to open at the apex of the papilla as one of the ducts 
of Bellane (15). 

The tubules are throughout bounded by a basement-membrane, 
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a 
Ira. 201.—11 BULES 1} ROM A SECLION OF THE DOG’S KIDNFY. 


a, Capsule, enclosing the glomerulus, n, neck of the capsule, c, c, convoluted tubules ; 
b, irregular tubules, d, collecting tube, ¢, e, spiral tubes, 7, part of the ascending limb 
of Henle’s loop, here (in the mcdullory ray) narrow. 


which is lined by epithelium, but the characters of the epithelium-cells 
vary in the different parts of a tubule. In the capsule the epithelium 
is flattened and is reflected over the glomerulus (fig. 201, a). In the 
first convoluted and spiral tubules it is thick, and the cells show a 
marked fibrillar structure (figs. 202, 208). Moreover, they interlock 
laterally and are difficult of isolation ; in many animals they have been 
shown to be ciliated. In the narrow descending limb of the looped 
tubule (fig. 204, c), and in the loop itself, the cells are clear and flat- 
tened and leave a considerable lumen; in the ascending limb they 
again acquire the striated structure and nearly fill the lumen. The 
fibrillations of the cells are still more marked in the zigzag tubules 
(fig. 201, b), and a similar structure is present also in the second 


STRUCTURE OF THE KIDNEY 167 





Tia 202—Si.Rvucrt Rt OF FHF LLITAITIUM OF THE CONVOIULFD 1LBULTS. 


d, section of a convolutc 1 tubule from the rit showing the unaltered proto 
plasm occupying a circular azea around the nucleus ot each cell, a 6 ¢ 
isolated cells from the convoluted tubules of the rat e 1olated cells trom 
the dogs kidney, vicwed from the inner surface, and showing the irre gulu 


ecntour of the protoplasm, 7, 1solated cells from the newt showmy the 
ro ls an1 the homogenec us euticul ir layer 
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Ira 2083—Pari or A COV- 
VOILIFD LUBULE FROM 
TH1 DOGS KIPNIY 





liq 204.—Pori1l0ONs OL TUBLIFS, ISOLATED. 
(Cadiat ) 


«, large collecting tubule, b loop of Henle  ¢, descending 
tubule of Henle 
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convoluted tubules, into which these pass. On the other hand, the 
junctional tubule has a large lumen and 1s lined by clear flattened 
cells, and the collecting tubes have also a very distinct luinen and are 
lyned by a clear cubical or columnar epithelium (figs. 201, d; 204, a). 


< 


2 


Ww tifa BE 


ae | eO\\\5 
Fis } = Ey Ain 


1G 


SU AK ( Coan 
se ih 
NEY 


ee 





Fic. 205 —Sic troN ACKOSS A LATILLA OF If KIDNFY. (Cadiat ) 
a large collecting tubes (ducts of Bellini) 6 ¢ d, tubules of Henle ¢,7/ blool capillaries 


The following gives a tabular view of the parts which compose a 
ulmiferous tubule, and the nature of the epithehum in each part 
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Partion of tubule | Nature of epithelium Tosition of tubule 
Capsule Flattcned, reflected over glomeiulus { Labyrinth of coitex 
Firat convoluted | Cubical, fibtillated, ciliated, the cells ; Labyrinth of cortex 

tube interlocking 
Spiral tube » (Cunical, fibrillated (like the last) .{ Medullary ray of cor 

tex 
Smallor descend | Clear, flattened cells Boundary zone and 
ing tube of partly papillary zone 

Henle of medulla 
Loop of Henle | Like the last -|Papillary zone of 

medulla 
Larger or ascend | Cubical, fibrillated, sometimes imbri | Medulla, and medul 
ing tube of| cated lary ray of cortex 

Henle 


Zigzag tube .|Cells strongly fibrillated , varying 1n ; Labyrinth of cortex 
height, lumen small 
Second convo-/Similar to first convoluted tube, but | Labyrinth of cortex 


luted tube cells are longer, with larger nuclei, 
and they have a more refractive 
aspect 
Junctional tube | Clear flattened and cubical cells Labyrinth passing to 
medullary ray 
Straight or col | Clear, cubical and columnar cells Medullary ray and 
lecting tube medulla 
Duct of Bellin: .| Clear, columnar cells . j Opens at apex of 


papilla 


~stosttper Hiatt tonite Schnee ober ee —_ = ee tes ante —— woes 
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Blood-vessels.— The artery of the kidney divides into branches 
on entering the organ, and these branclies pass towards the cortex, 
forming incomplete arches between the cortex and the medulla (fig. 
206, a). The branches of the renal vein form similar but more com- 
plete arches (g). From the arterial arches vessels pass through the 





Fic. 206.—VASCULAR SUPPLY OF KIDNLY. (Cadiat.) 


a, part of arterlal arch; }, interlobular artery; c, glomerulus; d, efferent vessel passing to 
medulla as false art. rect.; e, capillaries of cortex ; /, capillaries of medulla; g, venous 
arch; A, straight veins of medulla; », vena stellula; 2, interlobular vein, 


cortex (interlobular arteries, b), and give off at intervals small arteri- 
oles (efferent vessels of the glomeruli), each of which enters the dilated 
commencement of a uriniferous tubule, within which it forms a 
glomerulus. From the glomerulus a somewhat smaller efferent vessel 
passes out, and this at once again breaks up into capillaries, which 
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are distributed amongst the tubules of the cortex (e); their blood is 
collected by veins which accompany the arteries and join the venous 
arches between the cortex and the medulla, receiving in their course 
certain other veins which arise by radicles which have a somewhat 
stellate arrangement near the capsule (vene stellule, 7). 

The medulla derives its blood-supply from special offsets of the 
arterial arches, which almost immediately break up into pencils of 
fine straight arterioles running in groups between the straight tubules 
of the medulla. These arterioles gradually break up into a capillary 
network with elongated meshes which pervades the medulla (fig. 206, /), 
and which terminates in a plexus of somewhat larger venous capillaries 
in the papille. From these and from the other capillaries the veins 





Fre. 207.—SacrioN THROVGIL PART OF THE DOG’S KIDNEY. 


Pp, papillary, and g, boundary zones of the medulla; ¢, cortical layer; 4, bundles of 
tubules in the boundary layer, separated by spaces, b, containing bunches of 
vessels (not here represented), and prolonged into the cortex as the medullary 
rays, m; c, intervals of cortex, composed chicfly of convoluted tubules, with 
irregular rows of glomeruli, between the medullary rays, 


collect the blood, and pass, accompanying the straight arterioles, into 
the venous arches between the cortex and medulla. The groups of 
small arteries and veins (vasa recta) in the part of the medulla nearest 
the cortex alternate with groups of the uriniferous tubules, and this 
arrangement confers a striated aspect upon this portion of the medulla 
(boundary zone, see fig. 207). 

The efferent vessels of those glomeruli which are situated nearest 
to the medulla may also break up into pencils of fine vessels (false 
arterie rect@) and join the capillary network of the medulla (fig. 198, d), 

Between the uriniferous tubules, and supporting the blood-vessels, 
is a certain amount of connective tissue (fig. 205), within which are 
, cleft-like spaces from which the lymphatics of the organ originate. 
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LESSON XXXIV. 


STRUCTURE OF THE URETER, BLADDER, AND MALE 
GENERATIVE ORGANS. 


1, SEctron across the ureter. 
. 


2. Section of the urinary bladder vertical to the surface. 

In the sections of the ureter and of the urmary bladder, notice the 
transitional epithelium resting on a mucous membrane, which is composed 
chiefly of areolar tissue without glands, and the muscular coat outside this. 
In the ureter there is some fibrous tissue outside the muscular coat, and at 
the upper part of the bladder there is a laver of serous membrane covering 
the muscular tissue. Sketch a soction of the ureter under a low power, and 
the epithelium of the bladder under the high power. 


3. Section across the penis. The blood-vessels of the organ should have been 
injected so as the better to exhibit the arrangement of the \enous spaces which 
constitute the erectile tissue. Notice the large venous sinuses of the corpora 
cavernosa and the smaller spaces of the corpus spongiosmm, in the muddle of 
which is seen the tube of the urethra. 


4. Section across the testis and epididymis. The sections are best made 
from a rat’s testis which has been hardened in alcohol and pieces of which 
have been stained in bulk in dilute logwood. In these sections notice the 
strong capsule surrounding the gland, the substance of which consists of 
tubules which are variously cut, and the epithelium in which is in different 
conditions of devclopment in the different tubules. Observe the strands of 
polyhedral interstitial cells lying in the loose tissue between the tubules and the 
pope clefts in that tissue. Notice also in sections through the epididymis 
the ciliated epithelium of that tube. 

Sketch carefully under a high power the contents of some of the semini- 
ferous tubules so as to illustrate the mode of formation of the spermatozoa. 


5. Examination of spermatozoa. The spermatozoa are to be obtained 
fresh from the testis or seminal vesicles of a recently killed animal and ex- 
amined in saline solution. Their movements may be studied on the warm 
stage; to display their structure a very high power of the microscope is 
necessary. Measure and sketch thice or four spermatozoa. 


The ureter is a muscular tube lined by mucous membrane. The 
muscular coat consists of three layers of plain muscular tissue, an 
outer and inner longitudinal and a middle circular. Outside the mus- 
cular coat is a layer of fibrous tissue in which the blood-vessels and 
Gerves ramify before entering the muscular layer. 

The mucous membrane is composed of areolar tissue and is lit 
by transitional epithelium. 
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The urinary bladder has a muscular wail lined by a strong mucous 
membrane and covered in part by a serous coat. 

The muscular coat consists of three layers, but the innermost is 
incomplete. The principal fibres run longitudinally and circularly, 
and the circular fibres are collected into a layer of some thickness 
which immediately surrounds the commencement of the urethra, form- 
ing the sphincter vesice. The mucous membrane is lined by a transi- 
tional stratified epithelium like that of the ureter. The shape and 
structure of the cells have already been studied. 

The penis is mainly composed of cavernous tissue which is collected 
into two principal tracts—the corpora cavernosa, one on each side, and 
the corpus spongiosum in the middle line inferiorly. All these are 
bounded by a strong capsule of fibrous and muscular tissue, containing 
also many elastic fibres and sending in strong septa or trabecule, 





Fig. 208—Sho110N OF ERECTILE TISSUE. (Cadiat.) 


a, trabecniz of connective tissue, with elastic fibres, and bundles of plain muscular 
tissue (¢); b, Venous spaces. 


which form the boundaries of the cavernous spaces of the erectile tissue 
(fig. 208). The arteries of the tissue run in these trabecule, and their 
capillaries open into the cavernous spaces. On the other hand, the 
spaces are connected with efferent veins. The arteries of the cavernous 
tissue may often in injected specimens be observed to form looped or 
twisted projections into the cavernous spaces (helicine arteries of 
Miller). 

Urethra.—The cross-section of the urethra appears in the middle 
of the corpus spongiosum in the form of a transverse slit. It is lined 
by columnar epithelium, except near its orifice, where the epithelium is 
stratified. The epithelium rests upon a vascular mucous membrane, 
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and this again is supported by a coating of submucous tissue, con- 
taining two layers of plain muscular fibres—an inner longitudinal and 
an outer circular. Outside this again is a close plexus of small veins 
which are connected with, and may be said to form part of, the corpus 
spongiosum. 

The mucous membrane of the urethra is beset with small mucous 
glands, simple and compound (glands of Littré). There are also a 
number of oblique recesses termed lacune. Besides these small glands 
and glandular recesses, two compound racemose glands open into the 
bulbous portion of tho urethra (Cowper's glands). Their acini are lined 
by clear columnar cells which secrete mucus. 

The prostate, which surrounds the commencement of the urethra, 
is a muscular and glandular mass, the glands of which are composed 
of tubular alveoli, lined by columuar epithelium, with smaller cells 
lying between them and the basement-membrane. Their ducts open 
upon the floor of the urethra. 

The integument of the penis contains numerous special nerve end- 
organs of the nature of end-bulbs, and Pacinian bodies have also been 





Fic. 209.—TRANSVERSE SkC- Fig. 210.—$PLAN OF A VER- 


TION THROUGH THE RIGUP TICAL SECTION OF THE 
TENTICLE AND THE TUNIC. TENTICLE, SHOWING THE 
VAGINALIS. ARRANGEMENT OF THE 


DUCTS. 


The true length and diameter of 
the ducts have been disre- 


a, connective tissuc enveloping 
the parietal layer of the tunica 
vaginalis; 6, this layer itself; 


¢, cavity of the tunica vagi- garded, «a, a, tubuli semintferi 


nalis; d, reflected or visceral 
Lt ba adhering to e, the tunica 
albuginea; /, covering of epi- 
didymis (vy); A, mediastinum 
testis; i, branches of the sper- 
matic artery: 4, spermatic 
vein ; J, vas deferens ; m, small 
artery of the vas deferens ; 
n, 0, septa or processes from the 
mediastinum to the surface. 


coiled up in the separate lobes ; 
b, Vase recta; c, rete vaacu- 
losum; @, vasa cfferentia end- 
ing in the coni vasculoai ; J, ¢, 9, 
convoluted canal of the epi- 
didymis; A, vas deferens; J, 
section of the back part of the 
tunica albuginea; 1, é, fibrous 
plocesses running between the 
lobes ; / to s, mediastinum. 


found upon the nerves. Lymphatic vessels are numerous in the in- 
tegument of the organ and also in the submucous tissue of the urethra. 
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uniting with the other straight tubules, a network of intercom- 
municating vessels, which is known as the rete testis. From the rete 
a certain number of efferent tubules arise, and after a few convolutions 
pass into the tube of the epididymis. 

Structure of the tubules.—The seminiferous tubules are formed of 
a basement-membrane, and contain several layers of epithelium-cells. 
Of these layers, the one next the basement-membrane is a uniform 
layer of clear cubical cells (ming epithelium), the nuclei of which, for 
the most part, exhibit the irregular network which is characteristic of 





Fig. 212.—S1 CHION OF PARIS OF THREE SFVINIFLAOUS TUBULES OF THL RAI. 


a, with the spermatozoa least advanced in development; b, more advanced, c, contaimmng 
fully developed spermatovoi. Between the tubules are seen strands of interstitial cells 
with blood-vesscls and ly mph-spaces. 


the resting condition. Here and there these epithelium-cells appear 
enlarged aud to project between the niore internal layers. 

Next to this layer of cubical epitheliuin thero is seen a layer of 
larger cells (spermatogenic cells), the nuclei of which have the skein- 
like aspect which is typical of commencing division ; these cells may 
be two, three, or more deep (as in the tubule a, fig. 212). Next to them, 
and most internal, are to be seen in some tubules (6 and c) a large 
number of small protoplasmic coi puscles with simple circular nuclei 
(spermatoblasts). In other tubules these corpuscles are elongated, 
and the nucleus is at one end, and in others again these elongated 
cells are converted into evident spermatozoa, which lie in groups with 
their heads projecting between the deeper cells and connected with one 
of the enlarged cells of the lining epithelium, and their tails emerging 
into the lumen of the tubule (fig. 212, b). As they become matured 
they gradually pass altogether towards the lumen, where they eventually 
become free (c). During the time that this crop of spermatozoa has 
been forming, another set of spermatoblasts has been produced by the 
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division of the spermatogenic cells, and on the discharge of the sperma- 
tozoa the process is repeated as before. 

The straight tubules which lead from the convoluted seminiferous 
tubes into the rete testis (fig. 211) are lined only by a single layer 
of clear flattened or cubical epithelium. The tubules of the rete also 
have a simple epithelial lining, but the basement-membrane is here 
absent, the epithelium being supported directly by the connective 
tissue of the mediastinum. 

The efferent tubules which pass from the rete to the epididymis, 
and the tube of the epididymis itself, are lined by columnar ciliated 
epithelium, the cilia beg very long; these tubes have a considerable 
amount of plain muscular tissue in thei wall. 





Fic. 213.—SEcrion ACROSS LH COMMENCEMEN1 OF 
rHF VAS DEFERENS. 


a, epithelium , 6, mucous membrane ; ¢, d, e, inner, middle, and 
outer layers of the nuscular coat, /, bundles of the internal 
cremaster muscles, g section of a blood-vessel. 


The vas deferens (fig. 218) is a thick tube, the wall of which 1s 
formed of an outer thick layer of longitudinal bundles of plain muscular 
tissue ; within this an equally thick layer of circular bundles of the same 
tissue, and within this again a thin layer of longitudinal muscle. The 
tube is lined by a mucous membrane, the inner surface of which is 
covered by columnar non-ciliated epithelium. 

The connective tissue between the tubules of the testis is of very 
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loose texture, and contains numerous lymphatic clefts, which form an 
intercommunicating system of commencing lymphatic vessels. Lying 
in this intertubular tissue are strands of polyhedral epithelium-like 
cells (interstitial cells) of a yellowish colour; they are much more 
abundant in some species of animals (cat, boar) than in others. They 
accompany the blood-vessels before tiese break up to form the capillary 
networks which cover the walls of the seminiferous tubules. 


tj 





Fie. 214.—ITUMAN SPERMAIOZOA. 
1, in profile; 2, viewed on the flat 4, head; c, miuddle-piece, d, tail; e, end-piece of the tail. 


The spermatozoa.—Each spermatozoon consists of three parts, a 
head, a middle part or body, and a long tapering and vibratile taz. 
In man (fig. 214) the head is of a flattened oval shape, somewhat more 
flattened and pointed anteriorly ; and the middle-piece is short and 
cylindrical, and appears to have a spiral fibre passing round it; but in 
different animals the shape of the head and the extent of the middle- 
piece vary greatly. In the rat the head is long, and is recurved ante- 
riorly ; it is set obliquely on the middle-piece, which is also of con- 
siderable extent, and has a closely wound gpiral filament encircling it 
in its whole length. The tail is the longest part of the spermatozoon, 
and during life is in continual vibratile motion, the action resembling 
that of the cilia of a ciliated epithclium-cell. 

The spermatozoa are developed from the small cells or spermato- 
blasts which form the innermost strata of the seminal epithelium, and 
are themselves produced by the division of the large cells of the second 
layer. The nucleus of the spermatoblast forms the head of the sperma- 
tozoon, while the protoplasm forms first the middlo-piece and subse- 
quently the tail; but a portion of the protoplasm of each spermato- 
blast containing a number of small darkly staining particles (seminal 
granules) appears always to become detached and disintegrated before 
the spermatozoon is fully mature. 

N 
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LESSON XXXV. 


GENERATIVE ORGANS OF THE FEMALE, AND MAMMARY 
GLANDS. 


1. Sections of the ovary of the rabbit. Study the sections with the low 
power, observing the small and large Graafian vesicles, each enclosing an 
ovum, scattered through the stroma. Measure some Graafian vesicles of 
different sizes; make a general sketch of a section under the low power. 
Then sketch carefully two or more of the Graafian vesicles with their contents. 


2. Sections across the Fallopiantube. Sketch a section under the low power. 


3. Section across the body of the uterus. Observe with the naked eye 
the thickness of the muscular and mucous coats respectively. Notice the 
ciated columnar epithehum Inung the organ and extending into the glands 
of the mucous membrane. Draw a part of the section under the low power. 


4. Sections of the mammary gland from an animal killed during lactation. 
Notice the fat globules in the alveoli and also in the alvoolar cells. Draw an 
alveolus under the high power. 


The ovary is a small solid organ, composed of a séroma of fibrous 
tissue, with many spindle shaped cells, and also containing, especially 
near its attachment to the broad hgament, a large number of plain 





Fic. 215 —-SLULION OF fUkb OVARY OF 1HE CAT ¢ 


1, outer covering and frec border of the ovary, 1’, attached border, 2, the central ovarian 
atroma, presinting » fibrous and vascular structure, 3, peripheral stroma, 4, blood- 
vessels, 5, Graafian follicles in their earliest stages lying near the surface, 6, 7, 8, more 
advanced follicles which are embedded more deeply in the stroma, 9, an almost mature 
follicle containing the ovum in its deepest part, 9, a follicle from which the ovum has 
accidentally escaped, 10, corpus luteum 
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muscular fibres. It is covered by a layer of small columnar epithelium- 
cells (germinal epithelium, fig. 216, a), between which are here and 
there to be seen a few larger spheroidal cells, with large round nuclei 
(prumeteve ova, fig. 218, c). In the young subject the epithehum may 
occasionally dip down into the subjacent stroma. 

The stroma is beset with vesicles of difieient sizes, the smallest 
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lie. 216 —S1C1LIOW OF THE OVARY OF AN ADUITT Lien 


v, gerin «pithehum , 6, egg tubes, ¢, c, small follicles , d moie advanced follicle, ¢ discus pro 
ligerus and ovum , J, second ovum 1n the same follicle (this occurs but rarely), gy, outer 
tun of the follicle, A, inner tunic, 1, membrana granulosa, 4, collapsed rctrogiaded 
follicle , ¢, blood vessels , m, m, longitudinal and transverse sections of tubes of the paro 
varum , ¥, mvoluted portion of the germ-cpithefium of the surface, z, place of the trinai 
tion from peiitoneal to germinal or ovarian epifhelun 


being near the surface of the organ, the larger ones placed moro deeply 
in the stroma, although, as they inciease in size, they may again tend 
to approach the surface. 

These vesicles are the Graafian | follicles. Mach Graafian follicle 
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has a proper wall of basement-membrane, strengthened by a layer 
derived from the stroma, and contains an ovum, surrounded by a 
number of epithelium-cells. In the smallest follicles the ovum is 
small, and the epithelium of the follicle is formed of a single layer of 
cells, which are flattened against the ovum. In somewhat larger 
follicles the epithelium-cells are in two layers, and these are columnar 
in shape. In still larger ones, each of these two layers is formed of 
several strata of cells, and fluid has begun to collect between the 
layers at one part. Of the two layers, the one which lines the cavity 
of the follicle is termed the membrana granulosa, while the mass of 
cells which more immediately surrounds the ovum is known as the 
discus prolwerus. 

In the largest follicles the fluid has much increased in amount, so 
that the follicle has become gradually larger and more tense. Finally 
it reaches the surface of the ovary, and projects from that surface, 
where it eventually bursts, and the liquor folliculi, with its contained 
ovum, is set free. This event occurs at about the time of menstrua- 
tion.! 





Fic. 217.—Sit wrepIAGRAMMALLC REPRLSENIALION OF A MAMMALIAN OVUM. 
(Highly magnified.) 


zp, zona pellucida ; vz, vitellus; gv, germinal vesicle; gs, germinal spot. 


The ova are large spheroidal cells (fig. 217). When mature, as in 
the largest Graafian follicles, 23ach ovum is surrounded by a thick 
transparent striated membrane (zona pellucida). Within this is the 
protoplasm of the cell (vitellus), filled with fatty and albuminous 
granules. Lying in the vitellus, generally eccentrically, is the large 
clear round nucleus (germinal vesicle), which contains an intranuclear 
network, and usually one well-marked nucleolus (germinal spot). Both 
the ova and the epithelium of the Graafian follicles are developed 

' Some of the Graafian follicles do not burst, but, after attaining a certain 
one of maturity, undergo a process of retrograde metamorphosis and eventually 

isappear. 
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originally from the germinal epithelium. In the embryo, this forms 
a thick layer, covering the fibrous and vascular stroma. After a time 
solid cords of epithelium-cells, which in some animals are partly 
tubular (ovarian tubes of Pfliiger), grow down into the stroma, whilst 
this at the same time grows intu the epithelium. The cords presently 
become broken up by the ingrowths of stroma into small isolated nests 
of epithelium-cells, each of which may represent a Graafian follicle. 
To form the ova, some of the germinal epithelium-cells become en- 
larged, and usually there is one such enlarged cell in each of the 


isolated nests. The remaining cells form the epithelium of the follicle 
(see fig. 218). 





Fic, 218.—Srcrion or Lik OVARY OF A NLWLY BORN CILD. (Highly magnified.) 


a, Ovarian or germinal epithclium ; 6, formation of an ovarian tube ; ¢, ¢, primordial ova lying 
in the germ-epitheliuin; d, d, longer tube becoming constricted so as to form nests of 
cella; ¢, ¢, larger nests; 7, dastinctly formed follidle with ovum and epithelium; y, 9; 
blood-vessels, 


The stroma of the ovary contains, besides the spindle-shaped con- 
nective-tissue cells and plain muscular fibres already mentioned, a 
number of epithelium-like tuterstitial cells, like those found in the 
intertubular tissue of the testis. They are most abundant near the 
hilus. Corpora lutea may also be seen in the stroma. These are 
large yellow nodules, which are developed out of the Graafian follicles 
after the ovum has become extruded. They consist of columns of 
large yellowish cells, with intervening vascular fibrous tissue, which 
converge to a central strand of connective tissue occupying the axis of 
the nodule. The columns of yellow cells are not unlike those of the 
cortex of the suprarenal capsule. The cells are derived from the 
membrana granulosa of the follicle, which becomes thickened and 
folded ; between the folds connective tissue and blood-vessels grow in 
towards the centre, and in this way the corpus luteum becomes 
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developed. After persisting for a time it gradually shrinks and disap- 
pears, but it becomes larger and remains longer persistent in the event 
of pregnancy supervening. 

The Fallopian tubes are chiefly composed of plain muscular tissue 
disposed circularly. They are lined by a mucous membrane which is 
covered with ciliated epithelium. Externally they are covered by a 
serous coat, within which is a thin layer of longitudinal muscular fibres 
overlying the circular fibres. 

The uterus is usually described as composed of two parts, the body 
and cervix. The wall of the uterus is formed of the following layers: 

1. A serous layer, derived from the peritoneum, which covers the 
greater part of the fundus. 

2, A muscular layer, which is of considerable thickness and is 
composed of plain muscular fibres disposed in two imperfectly separated 
strata. Of these the outer is much the thinner, and its fibres are dis- 
posed partly longitudinally, partly circularly. The inner muscular 
layer, on the other hand, is very thick ; its fibres run in different direc- 
tions, and it is prolonged internally into the deeper part of the mucous 
membrane, the extremities of the uterine glands extending between 
and amongst its fibres. It is imperfeetly separated from the thinner 
external layer by tle ramifications of the larger blood-vossels, and 
probably represents a much-hypertrophied muscularis mucose. 

8. A mucous membrane, which is very thick ard is composed of soft 
connective tissue containing a large number of spuidle-shaped cells. It 
contains long, simple, tubular glands (fig. 219), which take a curved or 
convoluted course in passing through the membrane. They are lined 
by ciliated epithelium continuous with that which covers the inner 
surface of the mucous membrane. In the cervix the mucous membrane 
is marked by longitudinal and oblique ridges, and the glands are shorter 
than those of the body of the uterus. Near the os uteri the epithelium 
becomes stratified and overlies vascular papille of the corium. The 
mucous membrane is exceedingly vascular, and it also contains a large 
number of lymphatic vessels. 

At each menstrual period the greater part of the mucous membrane 
of the bedy undergoes a process of disintegration accompanied by an 
escape of blood from the capillaries of the membrane. This is suc- 
ceeded by & rapid renewal of the membrane. Should gestation super- 
yene, the process of renewal results in the formation of a greaily 
thickened mucous membrane, with long convoluted glands, which is 
then known s¢ the decidua. 

The mammary glands are compound racemose glands which open 
by numerous ducts upon the apex of the nipple. The ducts are dilated 
into small reservoirs just before reaching the nipple. If traced back- 
wards, they are found as in other compound racemose glands to com- 
mence in groups of saccular alveoli. The walls of the ducts and alveoli 
are formed of a basement-membrane lined by a simple layer of flattened 
epithelium (fig. 220, 4), But during lectation, when the gland is in 
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Fia. 219.—Srction or 
THR MUCOUS MEM- 
BRANE OF LHE 1 k- 
RUS FROM NEAR 
THE EFUNDUS 


a, cpithelium of inner 
surface; 6, &/, uterine 
glands; c,interglandular 
connective tissue; d. 
inuscular tissue. 
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activity, the cells of the alveoli become much enlarged and of a columnar 
shape, and fatty globules become formed within them (B). These fatty 
globules appear to become set free by the breaking down of the inner part 
of the cell, the protoplasm of the cells becoming partially dissolved and 





Fig, 220.—ALYVEOLI OF TUK MAMMARY GLAND OF THE BITCH “UNDER DIFFERENT 
CONDITIONS OF ACTIVITY. 


A, section through the middle of two alveoli at the commencement of lactation, the 
epithelium-cells being seen in profile; 3, an alveolus in full see ptory activity. 


forming the proteid substances of the milk. According to some authors, 
\ymph-corpuscles may also carry fat into the alveoli and there become 
disintegrated. At the commencement of lactation this disintegration 
is imperfect, so that numerous cells containing fat-particles appear in 
the secretion (colostrum corpuscles). 
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LESSON XXXVI. 
STRUCTURE OF THE SPINAL CORD. 


1. Sections of the spinal cord from the cervical, dorsal, and lumbar regione. 

[The spinal cord is hardened by being immersed for about a month in 
bichromate of ammonia solution (Z per cent.) ; the sections are made with a 
freezing microtome and are stainod with aniline blue black.! 

Notice the relative extent of the grey as compared with the white matter 
in the different regions of the cord. In the white matter the stained dots 
are sections of the axis-cylinders of the lougitudinally disposed medul'ated 
nerve-fibres; the tissue between the nerve-tibres is neuroglia. In the grey 
matter the branched nerve-cells are conspicuous, lving m a reticular sub- 
stance which is formed of neuroglia together with an interlacement of nerve- 
fibres and cell-processes. 

Sketch a section from each region under a low power. Sketch also a 
small portion of the white substance, two or three nerve-cells, and the central 
canal with its lining epithelium and surrounding neuroglia under the high 


power. 
Measure the diameter of some of the nerve-fibres in the anterior columns, 


in the lateral columns, and in the posterior columns. 


The spinal cord is composed of grey matter in the centre and of 
white matter externally. It is closely invested by a layer of connective 
tissue containing numerous blood-vessels (pia mater), and less closely 
by two other membranes. One of these is an areolar membrane, re- 
sembling a serous membrane in general structure, but non-vascular and 
more delicate in texture (arachnoid). The other, which lines the 
vertebral canal, is a strong fibrous membrane known as the dura mater. 
At the middle of the anterior and posterior surfaces the pia mater dips 
into the substance of the cord in the anterwr and posterior median fis- 
swres, 80 a8 to divide it almost completely into two lateral halves. These 
are, however, united by an isthmus or bridge, which is composed 
anteriorly of transversely crossing white fibres (white commissure), 
posteriorly of grey matter (grey commissure), in the middle of which is 
a minute canal lined by ciliated epithelium (central canal, fig. 221, e). 

Each lateral half of the spinal cord contains a crescent of grey 
matter, which is joined to the corresponding crescent of the opposite 
side by the grey commissure. Of the two cornua of the crescent the 


' See Appendix. 
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posterior is the narrower and comes near the surface of the cord; 
opposite to it the bundles of the posterior nerve-roots enter the cord. 
The bundles of the anterior nerve-roots enter the anterior cornu. 

The white matter of each half of the cord is subdivided by the 
passage of the nerve-roots into the cornua into three principal columns 
—anterior, lateral, and posterior. It 1s composed of longitudinally 
coursing medullated nerve-fibres, which in stained sections appear as 
clear circular areas with a stained dot, the axis-cylinder, near the 
middle (fig. 222). 





Fig, 221.—Sec1ioN OF 1HE SPINAL CORD IN PHE LOWER DORSAL RFGION, (Cadiat.) 


A, B, C, anterior, lateral, and posterior columns; 5, 8’, anterior and postcrior median flasures. 
a, b, ¢, cells of anterior cornu; d, posterior cornu and substantia gelatmosa of Rolando; 
¢, central canal, 7, veins, g, anterior 1.00t-bundles, A, postenor rovt-bundles ; 2, white 
commissure ; y, grey commissure ; 7, reticular formation. 


The medullated fibres are supported by a peculiar reticular tissue 
(neuroglia) which contains a number of nuclei embedded in it and 
appears to be composed of branched fibrillated cells (neuroglia-cells). 
The neuroglia is accumulated in greater amount at the surface of the 
cord underneath the pia mater (fig. 222), and it extends into the grey 
matter, of which it may be said to form the basis, and in which it is 
especially accumulated at the apex of the posterior cornu and around 
the central canal (substantia gelatinosa of Rolando). 
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The grey matter, besides neuroglia, consists of an interlacement of 
nerve-fibres and of the branching processes of the nerve-cells which are 
embedded in it. 





Fig, 222.—A SMATI PORTION OF A PRANSVERSE SIC TION OF ‘1HE HUWAN SPINAL CORD 
IN LHE REGION OF TNE LAIKRAL COLUMN, £0 SHOW LHE SUPFRIICIAL NIUROGLIA, 


a a, Mperficial neurogha, 6 6 transverse section of part of the lateral column of the cord, in 
which the dark points are the axis-cy hinders, and the clear areas the medullary substance 
of the nerve-fibres The superficial ncuroglis 1s «cen to cxhibit the appearance of 1 fine net- 
work in which numerous nucle: and one or two corpora amylacea are embedded, and to 
extend inwards among the nerve-fibres, 


Disposition of the nerve-fibres of the white columns in tracts.— 
The nerve-fibres vary in size in different parts of the white columns. 
They are smallest in the posterior columns, especially in that part 
of the posterior column which is next the posterior median fissure 
(posterior median column), and largest in the posterior part of the 
lateral column, but also of considerable size in the anterior column. 
This difference corresponds in some measure with the functions of the 
nerve-fibres in those parts respectively. Thus the posterior part of 
the lateral column which is characterised by the large size of its nerve- 
fibres constitutes the tract along which voluntary motor impressions 
pass down the spinal cord from the opposite side of the brain, after 
having crossed at the pyramids of the medulla oblongata (crossed 
pyramidal tract, fig. 228, c.p.t.). The large fibres which he in the 
anterior columns next to the anterior median fissure, and the upper 
part of the cord, belong to a portion of the same tract which has not 
undergone decussation (direct pyramidal tract, d.p.t.). The small 
fibres of the posterior median column belong to a tract which 1s only 
distinct above the middle of the dorsal region of the cord, and is known 
as the tract of Goll (fig. 228, g). The rest of the posterior column is 
termed the cuneate fasciculus, and is chiefly composed of the fibres 
of the posterior nerve-roots which run for a short distance in it before 
entering the grey matter. In the lateral column there is another tract 
which is distinct in the cervical and dorsal regions. This lies external 


188 THE ESSENTIALS OF HISTOLOGY 


to the crossed pyramidal tract, and consists of large fibres which pass 
up into the cerebellum (direct cerebellar tract, c.t.). 


w. 







ep.t. 


Fie. 228.— DIAGRAMMATIC. SKC 
TIONS OF ‘THE SPINAL CORD AT 
DIFF FRENT PARTS, TO SHOW LHI 
CHIEF LOCALISED TRACTS OF 
IIBRES IN THE WHITE SUB- 
SrANCK. (One and a half times 
the natural size.) 


at the level of the sixth cervical 
neive; J/, of the third doraal; J//. 
of the sixth dorsal; /V. of the 
twelfth dorsal; FV. at the level of the 
fourth lumbar, d.p.. direct or an- 
terior pyramidal tracts; ¢.p./. erassed 
or latera] py ramnidal tracts ; ¢./. direct 
cerebellar tract 3 9, tra ¢ of Goll, 


Pid 





The course of the nerve-tracts in the spinal cord, and in other parts 
of the central nervous system, can best be made out by the study of 
sections of the foetal cord, for it is found that the development of the 
medullary substance occurs sooner in some tracts than in others, so that 
it is easy to make out the distinction between them. Another method 
consists in investigating the course which is pursued by degenerations 
of the nerve-fibres in consequence of lesions produced accidentally or 
purposely. 

Disposition of the nerve-cells in the grey matier.—The nerve-cells 
which are scattered through the grey matter are in part disposed into 
definite groups. Thus there is a group of large multipolar nerve-cells 
in the anterior cornu; their axis-cylinder processes pass out into the 
anterior nerve-roots (column of the anterior cornu, fig. 221, a, b,c). In 
the middle dorsal region there is a well-marked group of large rounded 
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nerve-cells at the base of the posterior cornu (Clarke’s column). 
Another group is seen on the outer side of the grey matter lying in 
projection which is sometimes known as the lateral cornu (intermedw- 
lateral tract). This also is only distinct in the dorsal region. The 
cells of the posterior cornu are not collected into a special group. 
Course of the nerve-roots in the spinal cord.—The anterwr roots 
enter the anterior cornu in a number of bundles (fig. 224, a, a). Some 
of their fibres (1, 1) are directly connected with the nerve-cells there, 
others pass through the grey matter into the posterior cornu, others into 


pm f— 





Fac. 224.—DiaGRram TO 1L- 
LUSTRATE THK PROBABLE 
COURSE TAKEN BY THE FI- 
BRES OF THE NERVE-ROOTS 
ON ENTERING THE SPINAL 
CORD, 


a, a, two bundles of the anterior 
root of a nerve; 1, 1, sume of 
their fibres passing into the 
lateral cells of the auterior 
cornu; 1f, 1, others passing 
into the mesial cells of the 
sume cornu; 2, 2, fibres passing | 
to the lateral column of the 
sume side without joining 
nerve-celis; 3, 3, bres passing 
tewards the posterior cornu; 

4, 4, fibres passing across the 
anterior commissure, to enter 
nerve-cellx in the anterior cornu 

of the other side; p, bundle 

of the posterior root ; p, 7, fibres 

of its lateral or external division 
coming through and sround 
the gelatinous substance of 
Rolando; some of thexe, 5, are 
represented as becoming longi- 
tudinal in the latter; others, 

6, 6, as pussing towards the 
anterior cornu, either directly 
or after joining cells in the posterior curnu, and others, 7, as curving mwards towards the grey 
commissure ; p, m, fibres of the mesial or inner division, entering the posterior colwmn and then 
becoming longitudinal ; p/, m’‘, fibres from a posterior root which had joined the cord lower down 
and entered the posterior column, now passing into the grey matter at the root of the posterior 
cornu. Of these, 8 is represented as entering Clarke's column, 9, as curving around this and cours- 
ing to the anterior cominissure, and 10 ag passing towards the anterior cornu. The axis-cylinder 
processes of the cells of Clarke’s column are shown arching round, and taking the direction of the 
lateral column, a.m.*%., anterior median fissure ; p.m.7., posterior median fissure ; c.¢c., central canal; 
S.R,, substantia gelatiunosa of Rolando, 


~ 


4 


the lateral white column of the same side of the cord (2, 8), and others 
again pass across in the isthmus to the anterior cornu of the opposite 
side (4), 

The fibres of the posterior roots (fig. 224, p) chiefly pass into the 
posterior white columns, from which after a short course they enter 
the grey matter and are partly connected with its cells, and partly pass 
to the other side of the cord. Some of the fibres of the posterior 
roots cuter the posterior cornu directly, and are believed to be con- 
nected with the scattered cells of that cornu. 

The central canal of the spinal cord is lined by columnar ciliated 
epithelium-cells, which are surrounded by a quantity of neurogha, 
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The cells are best seen in the spinal cord of animals and in the child ; 
in the human adult they have frequently become proliferated, and their 
cilia are no longer visible. 

Characters of the spinal cord in the several regions (fig. 225). 
In the cervical region the white matter, especially that of the lateral 





Fro. 225.—TRANSVERSL SECLIONS OF THE SPINAL CORD AT DIKLERENI LEVELS. 
(Twice the natural size.) 
The letters and numbers indicate the position of each section; Ca. at level of coccy geal nerve ; 


fac. 4 of 4th sacral; L3 of 8rd lumbar, and so on, The grey substance is shaded dark, and 
the nerve-cells within it are indicated by dots, 


columns, occurs in largest proportion. The grey maticr, especially in 
the cervical enlargement, is in considerable amount (C 5), and it en- 
croaches in the form of a network upon the adjacent part of the lateral 
white column. The anterior cornua are thick and the posterior slender. 
The posterior median column is distinctly marked off, 
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In the dorsal region the grey matter is small in amount, and both 
cornua are slender (D 5). The whole cord is smaller in diameter than 
either in the cervical or lumbar region. The column of nerve-cells 
known as Clarke’s column, and the intermedio-lateral tract, are well 
marked. 

In the lumbar region the crescents of grey matter are very thick, 
and the white substance, especially the lateral columns, relatively small 
in amount (L 5). The isthmus lies nearly in the centre of the cord, 
whereas in the cervical and dorsal regions it is nearer the anterior 
surface. The posterior median columns are not seen. 

In the part of the spinal cord from which the sacral and coccygeal 
nerve-roots take origin tle grey matter largely preponderates, the 
crescents forming thick irregular masses, and the grey isthmus being 
also of cousiderable thickness. 
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LESSON XXXVII. 
THE MEDULLA OBLONGATA, PONS, AND MESENCEPHALON. 


1. Sections of the medulla oblongata made, (a) at the level of the decussation 
of the pyramids, (b) opposite the middle of the olivary body, and (c) just 
above the olivary body. 


2. Section through the middle of the pons Varolii. 


8. Sections across the region of the corpora quadrigemiina, one at the level 
of the inferior, the other at the level of the superior, pair. 

In all the above sections sketch under a low power the general arrange- 
ment of the grey and white matter, inserting the positions of the chief groups 
of nerve-cells. 

{The tissue is hardencd and the sections are prepared, stained, and 
mounted in the same way as the spinal cord.| 


The structure of the medulla oblongata can best be made out by 
the study of a series of sections taken from below upwards, and by 
tracing in these the changes which occur in the constituent parts of 
the spinal cord, taking note at the same time of any parts which may 


be superadded. . | 
A section through the region of the decussation of the pyramids 
(fig. 226) has much the same form as a section through the upper part 


Fig. 226.—SEeCTION OF THE Mh- 
DULLA OBLONGATA ASF THE 
MIDDLE OF THE DECUSSATION 
OF THE PYRAMIDS, 


J, mnterior, jf. p. posterior fissure; 
ap. pyramid ; a, remains of part of 
anterior curnu, separated by the 
crussing bundles from the rest of the 
gmiey matter; 2, continuation of 
lateral column of cord; A, continua- 
tion of substantia gelatinosa of Ro- 
lando ; p.c. continuation of posterior 
cornu of grey matter; 7g. funiculus 
gracilis, 





of the spinal cord, and most of the structures of the cord can be easily 
recognised. A considerable alteration of the grey matter is, however, 
produced by the passage of the large bundles of the crossed pyramidal 
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tract (p) from the lateral column of the spinal cord on each side 
through the root of the anterior cornu and across the anterior median 
fissure to the opposite anterior column of the medulla, where, together 
with the fibres of the direct pyramidal tract, they constitute the promi- 
nent mass of white fibres which is veen on the front of the medulla 
on each side of the middle line, and is known as the pyramid. By this 
passage of fibres through the grey matter the tip of the anterior 
cornu (a) is cut off from the rest and becomes pushed as it were to 
the side; in sections a little higher up it appears as an isolated mass 
of grey matter which is known as the lateral nucleus (fig. 22, 7.1.) 

A change also occurs in the posterior cornu in consequence of the 
increased development of the posterior median and cuneate fasciculi. 
This causes the posterior cornu (fig. 226, p c) to be pushed towards the 
side, the V which they form with one another being thus opened out; 
at the same time the tip of the cornu swells out and causes a prominence 
upon thesurface of the medulla, which is known as the tubercle of Rolando 
(#&). Grey matter also soon becomes formed within the upward pro- 
longations of the posterior median column and of the cuneate fasciculus 


ng. 





pf 





Fig, 227.—Sec HON OT LHE MLDULIA 
OBLONGALA IN LHE REGION OF 
THE SUPERIOR PYRAMIDAL DECUS- 
SATION. 


a.m.f. anterior median fissure; /.¢. ; 
superficial arciform fibres emerging eo 
from the fissure; py, pyramid; na. ee re ae oi T 
nucleus of the arciform fibres; /.a’. iden, a 
deep arciform fibres becoming super- n XI \N thf 8G ao 
ficial ; 0, lower end of olivary nucleus ; rae Pie 2 
o', accessory olivary nucleus; 2/2. nu- h—f.2 
eleus lateralis; 7.7”. formatio 1reticu- 
laris; fiw ®. arciform fihres proceeding 
trom formatio reticularis ; g, substantia ed. ee en BG 9) oi 
gelatinosa of Rolando; a.V. ascending a oe PRUE Ale . 
root of fifth nerve; n.c. nneleus cunea- +3, ri> SNe rf : 
tus; nc’, external cuneate nucleus; v 
J.c. funiculus cuneatus: 2g. nucleus 
gracilis; f.g. funiculus vracily; p.m,/. 
posterior median fissure; c.c. central 
canal surrounded by grey matter, in 
which are, .AX/. nucleus of the spinal 
accessory, and n.X/J/7. nucleus of the 
hypoglossal; .d. superior pyramidal 
decussation, 


(fig. 227, n.g., .c.), but most of the grey matter of the cornu becomes 
broken up, by the passage of bundles of nerve-fibres through it, into a 
reticular formation (f.r), the production of which is already foreshadowed 
in the upper part of the spinal cord. The central canal of the spinal cord 
is still seen in the lower part of the medulla oblongata (c. c), but it comes 
nearer to the posterior median fissure. The grey matter which sur- 
rounds it contains two well-marked groups of nerve-cells ; the anterior 
of these is the nucleus of the hypoglossal or twelfth nerve (n. xzz.), the 
posterior that of the spinal accessury or eleventh (m. xz.). Instead of the 
) 
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comparatively narrow isthmus which joins the two halves of the spinal 
cord, a broad raphe now makes its appearance; this is formed of 
obliquely and antero-posteriorly coursing fibres, together with some 
grey matter containing nerve-cells. 

In a section at about the middle of an olivary body (fig. 228), it 
will be seen that a marked change has been produced in the form of 
the medulla and the arrangement of its grey matter, by the opening 
out of the central canal into the fourth ventricle. This causes the grey 
matter which below surrounded the central canal to be now spread 


nu Fig. 228.—Siecrion OF THE ME- 

x DULLA OBLONGATA AT ABOUT 
THE MIDDLE OF THE OLIVARY 
BODY. § 


‘ia, anterior median fissure; nar, 
nucleus arciformis; py, pyramid; 
AH, bundle of hypoglossal nerve 
emerging from the surface; at b it 
is seen coursing hetween the pj ra- 
mid aud the olivary nuclous, 0; 
J/.@.e. external areiform fibres; 7.1. 

Ay, nucleus lateralis ; a, arciform fibres 
7 fr passing towards restiform body 

x 





VEY 






NY; Sy , a 


partly through the substantia pela- 
tinona, g, partly superficial to the 
ascendiug root of the fifth nerve, 
a.V.; X, bundle of vagus root, 
emerging ; 7.7. formatio reticularis ; 
e. corpus restiforme, beginning to 
he form ¥%, chiefly by arciform fibres, 
-uperfi¢e i and deep; rc. nucleus 
cuneatus; 2g. nucleus gracilis; 
/, attachment of the ligula; //.s 
tuniculus solitarius; nX. 2X! 
two parts of the vagus nucleus; 
n.XJ]. hypoglossal nucleus; nf. 
nucleus of the funiculus teres; 
nam, nucleus amhguus; r, raphe ; 
4, continuation of anterior column 
of cord; 0, o, accessory olivary 
nuclei; olivary nucleus; p.0,/. pe- 
dunculus olhvw, 
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out at the floor of that ventricle, and the collections of nerve-cells from 
which the hypoglossal and spinal accessory nerves respectively arose 
now, therefore, lie in a corresponding situation. At this level, how- 
ever, the outer group which corresponds with the nucleus of the spinal 
accessory in the lower part of the medulla has become the nucleus of 
the vagus or tenth nerve. The nerve-bundles of the roots of these 
nerves can be seen in the sections coursing through the thickness of 
the medulla and emerging, those of the hypoglossal (xzz.) just outside 
the pyramids, those of the spinal accessory and vagus (x.) at the side 
of the medulla. The two sets of emerging fibres thus appear to sub- 
divide each lateral half of the medulla into three areas—a posterior, & 
middle, and an anterior. Of these the posterior is chiefly occupied by 
the grey matter of the floor of the fourth ventricle, and, with fibres 
which are passing obliquely upwards and outwards towards the cere- 
bellum, forming its inferior crus (restiform body, c.7.); and in addition 
there is the continuation upwards of the portions of grey matter forming 
the nuclei of the funiculus gracilis (n.q.), of the funiculus cuneatus 
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(n.c.), and of the tubercle of Rolando (g). The anterior or mesial area 
is occupied in front by the pyramid (p), and behind this by a reticular 
formation (reticularis alba, A) composed of longitudinally coursing 
bundles of fibres interlaced with fibres that are passing obliquely from 
the opposite side, through the raphe, towards the restiform body (fig. 
229, r.a.). The middle area, which lies between the issuing bundles 
of the two sets of nerve-roots, consists in its deeper part of a similar 





ee XIT aa 


Fig. 229.—-PART OF 1HE REFICULAR ILORMALION OF LHE MRDULLA OBLONGATA. 


ra. reticularis alba; 7.9. reticularis grisea; betwecn them a root-bundie of the hypoglossus 
(XJ/.). The longitudinal fibres of the reticul sr formation are cut across , the transversely 
conreune fibres are internal arcuate fibres, passing on the mght of the figure towards the 
raphe. 


reticular formation (fig. 228, fr), but with more grey matter and 
nerve-cells (reticularis grisea, fig. 229, r.g.) Superficially there is 
developed within it a peculiar wavy lamina of grey matter containing a 
large number of small nerve-cells; this is the nucleus of the oltvary 
body (fig. 228, 0). 

The floor of the fourth ventricle is covered by a layer of ciliated 
epithelium-cells, continuous below with those lining the central canal, 


and above, through the Sylvian aqueduct, with the epithelium of the 
63 
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third and lateral ventricles. The fourth ventricle is roofed over by a 
thin layer of pia mater, with projecting choroid plexuses, the under 
surface of which is covered by a thin epithelial layer continuous at the 
side with the ciliated epithelium of the floor. 

A section taken just above the level of the olivary prominence will 
still show very much the same form and structural arrangements as 
that just described. The nucleus of the hypoglossal (fig. 280, 2. XII.) 
is still visible in the grey matter of the floor of the ventricle, but the 
nerve which is now seen arising from the outer part of that grey 
matter is the eighth or auditory (VIII.), the bundles of which, as they 
leave the medulla, enbrace the inferior crus of the cerebellum (c.r.), 
which is now passing into that organ. The reticular formation still 





Fig. 280, TRANSVERSE SECTION OF THF UPPFR PART OF ‘LHE MEDULLA 
OBLONGATA. ¢ 


py, pyramid ; 0, olivary nucleus, Va. ascending root of the fifth nerve, V/// inferior (pos- 
terior) root of the auditory nerve, forined of two parts, a, (strie acustiow), and b, which 
enclose the restiform body, cr , n.V/JI.p principal nucleus of the auditory nerve, 
n.VIll ac accessory nucleus, g, ganglion-cells in the root, nf, nucleus of the funiculus 
teres; n XJ/. nucleus of the hypoglossal , 7, raphe. 


occupies the greater part of each lateral half of the medulla between 
the grey matter at the floor of the fourth ventricle and the pyramids 
(py), and a small portion of the olivary nucleus (0) may still be seen, 
as may aleo the upward continuation of the grey matter of the tubercle 
of Rolando; this is intimately connected with some well-marked 
bundles of nerve-fibres, which are passing up to the pons to join even- 
tually the root of the fifth nerve (Va). 

A section through the middle of the pons Varolii (fig. 281) shows 
very much the same arrangement of grey and white matter as that 
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which is met with at the upper part of the medulla, but the general 
appearance of the section is much modified by the presence of a 
large number of transversely coursing bundles of nerve-fibres which 
are passing from one hemisphere of the cerebellum to the other. 
Intermingled with these bundles is a considerable amount of grey 
matter. The continuation upwards of the pyramids of the medulla 
(py) is embedded between these transverse bundles and separated 
by them from the reticular formation. The olivary nucleus is no 





Fig. 281.—SEcTION ACROSS THE PONS AL ABOUL 1HE MIDDLE OF THE FOURIH 
VENIRICLE. ? 


py, pyramid-bundles continued up from the medulla ; po, transverse fibres of the pons passing 
from the middle orus of the cerebellum, before (po ) and behind ( po’) the chicf pyramid 
bundles; ¢, deeper fibres of the same set, constituting the trapezium; the grey matter 
between the transverse fibres is not represented either in this or in the two following 
figures ; r, raphe; 0.8, superior olivary nucleus; a.V. bundles of the ascending root of 
the fifth nerve, enclosed by a prolongation of the grey substance of Rolando ; V/. the sixth 
nerve ; 2. VJ. its nucleus; VZ/. the facial nerve; V//a. intermediate portion of the same 
nerve ; #.VJJ. its nucleus; V/7/. anterior (superior) root of the auditory nerve; ”.V22/. 
part of its outer or anterior (superior) nucleus ; 1, section of a vein. 


longer seen, but there are one or two small collections of grey matter 
which lie in the antero-lateral part of the reticular formation and are 
known as the superior olivary nucleus (o.s.) The nerves which take 
origin from the grey matter of this region are part of the eighth, the 
seventh, the sixth, and somewhat higher up the fifth cranial nerves 
(see figs. 281, 282). Of these the eighth and fifth take origin from groups 
of nerve-cells which occupy the grey matter opposite the external border 
of the floor of the ventricle ; the sixth from a group which is placed also 
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Fria. 283.—-On.ieve section” 
OF THE PONS ALONG THE 
LINE OF EXIT TRAVERSED 
BY THE FIFTH NERVE. 


The seotion passes through the 
lower part of the motor nnu- 
cleus (n’e) from which a bundle - 
of fibres of the motor root is 
seen passing, V’; a part of the 
upper sensory nucleua (nv) is 
also shown in the section in the 
form of a number of small iso- 
lated portions of grey matter. 
Amongst these are a few 
bundles of the ascending root 
cut across, but most of these 
have already become diverted 
outwards to join and assist in 
forming the issuing part of the 
main or sensory root, V; 4, 
small longitudinal bundle of 
fibres near the median sul- 
cus (m.s.), passing outwards 
to join the root of the fifth 
nerve; /.7r. formatio retiou- 
laris; r, raphe; 4,7. substan- 
tia ferruginea. 








saeerene evsesoun S 
— + 





Fro. 288.—TRAMSVERSE SECTION THROUGH THE UPPER PART OF THE PON#. 
(Rather more than twice the natural size.)! 


p, transverse fibres of the pons; py, py, bundles of the pyramids; a, boundary line between 
the tegmental part of the pons and its ventral part; i, oblique fibres of the fillet, passing 
tow i, P, longitudinal fibres of the fillet; f.r. formatio reticularis; p.J. posterior 
longitudinal bundle ; ¢.¢,p. superior cerebeller peduncle; vm. superior med velum ; 
b, grey matter of the lingula; v. 4, fourth ventricle ; in the grey matter which bounds it 
laterally are seen, d.¥, the descending root of the fifth nerye, with ite nucleus, a/. sab- 
atantia ferrnginea, g.c. group of cella continuous with the nucleus of the aqueduct, 


¥ The details of this and of several of the ding figures are filed in under « somewhat 


bigher magnifying power than that used for & the outlines. 
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in the grey matter of the floor of the ventricle but nearer the middle line, 
and the seventh from a nucleus which lies in the formatio reticularis, 
and from which the fibres of the nerve pass backwards to the floor of the 
ventricle, then longitudinally upwards for a short distance, finally 
bending forwards and downwards and emerging between the transverse 
fibres at the sides of the pons. 

At the upper part of the pons (fig. 288) the fourth ventricle narrows 
considerably towards the Sylvian aqueduct, and behind and on either 





Fre, 234.—Sec L10N8 TMROUVGH THL ORIGIN OF ITB LOURLH NERV. N 
A, transverse section at the place of emergence of the netve-fibres, B, oblique section 
carried along the course of the bundles from the nucleus of omgin to the place of emei- 
gence, Aq, Sylvian aqueduct, with its surrounding giey matter; JV the nerve-bundles 
emerging , /V', decussation of the nerves of the two sides; J+”. a round bundle passing 
downwards by the side of the aqueduct to emerge a little lower down, n/¥. nucleus of 
the fourth nerve. J, fillet; sc.y., superior cerebellar peduncle, d.V. descending root of 
the fifth nerve; p/, posterio1 longitudinal bundle; 7, raphe. 
side of it two considerable masses of longitudinal white fibres make their 
appearance. These are the superior crura of the cerebellum (s.c.p.), 
and they tend as they pass upwards gradually to approach the middle 
line (fig. 284 A), across which in the region of the posterior pair of the 
corpora quadrigemina they pass, decussating with one another, to the 


formatio reticularis of the opposite side (fig. 285, A). 





Fig. 285.—OUTLINE OF 1WO SECIIONS ACROSS 1HE MEKSENCEPHALON, (Natural size.) 


A, throngh the middle of the inferior corpora quadrigemina. B, through the middle of the 
superior corpora quadrigemina. cr, crusta; 4.0. substantia nigra; ¢, tegmentum; &, 
Sylvian aqueduct, with its surrounding grey matter; c.g. grey matter of the corpora qua- 
drigemina ; J.g. lateral groove ; p./. posterior longitudinal bundle; d.V. descending root of 
the fifth nerve; s.c.p, superior cerebellar peduncle ; /, fillet; ».///. ita nucleus; J//. third 
nerve. The dotted circle in B indicates the situation of the tegmental nucleus, 


In sections across the mesencephalon (fig. 235), the upward con- 
tinuity of the parts which have thus been described in the lower parts 
of the nerve-centres, can still in great measure be traced. 
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The Sylvian aqueduct (s), with its lining of ciliated epithelium, re- 
presents the central canal of the cord and the fourth ventricle of the 
medulla. In the grey matter which surrounds it (central grey matter) 
there is seen in all sections of the region a group of large nerve-cells 
lying anteriorly on each side of the middle line, close to the reticular 
formation. From this group the root-bundles of the fourth nerve arise 
at the lower part of the mesencephalon and pass obliquely backwards 
and downwards around the central grey matter, decussating with those 
of the opposite side to emerge just above the pons Varolli (fig. 284). 
Higher up the bundles of the third nerve sprig from the continuation of 
the same nucleus (fig. 285, 2. 77.), and these pass forwards and down- 
wards with a curved course through the reticular formation, to emerge 
at the mesial side of the crusta. 

The reticular formation of the pons is continued up into the mes- 
encephalon, and is here known as the tegmentum. It is composed as 
before of longitudinal and transverse bundles of fibres with much grey 
matter intermingled. The transverse fibres include the decussating 
fibres of the superior crura of the cerebellum ‘s.c.p.), and the fibres of 
the fillet (f), wluch are passing in an oblique manner from the raphe 
to the side of the mesencephalon, to reach eventually the grey matter 
of the prominences of the corpora quadrigemina. The pyramid bundles 
of the pons are continued upwards on each side in b the crusta (cr.). 
This forms a mass of longitudinally coursing bundles of fibres lying on 
the ventral aspect of each half of the mesencephalon, and diverging 
above into the internal capsule of the cerebral hemisphere. The crusta 
is separated from the tegmentuin by a layer of grey matter containing 
a number of very deeply pigmented nerve-cells which give it the name 
of substantia nigra (s.n.) The crusta and tegmentum, together with 
the intervening substantia nigra, constitute the crus cerebri. 

The prominences of the corpora quadrigemina are formed mainly 
of grey matter containing numerous small nerve-cells. From each 
a bundle of white fibres (brachium) passes upwards and forwards 
towards the geniculate bodies, eventually joining the optic tract of 
the same side. On the other hand, each of the prominences receives 
from below fibres of the fillet, which are themselves traceable into the 
posterior part of the lateral column of the inedulla oblongata. 
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LESSON XXXVIII. 
STRUCTURE OF THE CEREBELLUM AND CEREBRUM. 


® 
1. Sections of the cerebellum across the direction of the lamime and vertical 
to the surface. 


2. Section across the whole of one hemisphere of the cerebrum of a 
monkey or man, passing through the middle of the third ventricle. 


8. Vertical sections of the cerebral cortex, one from the ascending frontal 
gyrus, another from the occipital lobe, and a third across the hippocampal 
gyrus and hippocampus. 


4. Transverse sections of the olfactory tract and bulb. 


In all these preparations make sketches under a low power of the general 
arrangement of the grey and white matter, and also of the nerve-cells in 
the grey matter. Sketch some of the details under a ugh power. 


The cerebellum is composed of a white centre, and of a grey cortex, 
both extending into all the folds or lamin, so that when the laming 
are cut across, an appearance is presented of a white arborescence 





Fic. 236.—Sec Tian PHROUGH ONE OF PHE TE VMISPHERES OF LHE OT 
TO SHOW THE MYFDULLARY CUNIRE AND IPs PROLONGATIONS INTO THE 
LAVMELL hee 


covered superficially by grey matter. The white matter is in largest 
amount in the middle of each cerebellar hemisphere (fig. 286). There 
is here present also a peculiar wavy lamina of grey matter, similar to 
that in the olivary body, and known as the nucleus dentatus (n.d.). 


a 


a 
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Other isolated grey nuclei lie in the white matter of the middle 
lobe. 

The grey matter of the cerebellum consists of two layers (fig. 287). 
The ¢nner one (that next the white centre) is composed of a large 
number of very small nerve-cells (granule layer, d). The outer layer 
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Fic. 238.—PRocrssEs OF THF CORPUs- 

<3 (LES OF PURKINJE, CONNECTFD BY 

2 eS ee (HEIR FINER BRANCHES WI1H COK- 

= PUSCLES OF THE OUTER LAYER OF 
VHF (FREBELLAR CORTEX. (Highly 
magnified. ) 

a, a, processes of the corpuscles of Purkinje; 
b, a branch from one of them, which is con- 
nected with two of the corpuscles of the 
outer layer; c, c, scattcred branched cor- 
puscles of this Jay er. 





Fig, 287,—SEC1ION OF CORTEX OF CERE- 
BELLU, 


oe of Purkinje; d, inner o1 granule 


a, pia aes ; b, external layer; c, layer of cor- 
yer; e, medullary centre. 


(b) is thicker, and is formed of neuroglia, with rounded and angular 
small nerve-cells and neuroglia-cells scattered through it. Into its 
outer part processes of the pia mater conveying blood-vessels pass 
vertically, and there are also in this part a number of long taper- 
ing cells, somewhat like the Miillerian fibres of the retina. Lying 
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between the two layers of the 
grey matter is an incomplete 
stratum of large flask-shaped 
cells (cells of Purkinje, c). 
Each of these gives off from its 
base a fine process, which be- 
comes the axis-cylinder of one 
of the medullated fibres of the 
white centre, while from the 
opposite pole of the cell large 
ramified processes spread out 
into the superficial layer of 
the grey matter, and some of 
these processes become con- 
nected with its small nerve- 
cells (fig. 288). 

Structure of the cerebrum. 
The grey matter of the ce- 
rebral cortex is described as 
being composed of a number 
of layers, but they are not 
sharply marked off from one 
another. The following are 
usually distinguished (fig. 
289). 

1. Most externally a thin 
stratum containing a few scat- 
tered cells, probably neuro- 
glia-cells. In the most super- 
ficial part of this layer imme- 
diately under the pia mater, 
is a very thin stratum of 
medullated nerve-fibres. 

2. A layer of closely set 
small pyramidal nerve-cells 
several deep. This layer 1s 
also thin. 

8. A thick layer contain- 
ing larger and longer pyra- 
midal cells less closely set. 
These cells are largest in the 
deepest part of the layer ; and 
in the region of the motor 
centres of the brain some of 
them are of very large size, 
and are collected into smali 


groups. 


e 





Fia, 289, 
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4, A thin layer of numerous small irregular angular cells. 

8. A rather thicker layer of small scattered cells, many of a fusi- 
form shape. This layer lies next to the white centre. In the island 
of Reil this stratum is considerably developed, and is somewhat sepa- 
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Fig. 240.—SEcTION ACROSS THE HIPPOCAMPUS MAJOR, DINIATF LISSURF, DENTATE 
I1ASC1A AND I IMBRIA, 


Gh, part of the gyrus hippocampi or uncinate convolution ; Fd, faacia dentata, or dentate 
convolution; between them is the dentate fissure, F2, fimbria, composed of longitudinal 
fibres here cut across, 1, 2, medullary centre of the hippocampal gyrus prolonged around 
the hippocampus, H, aa the so-called alvens, into the fimbria; 8, layer of large pyramidal 
gat ; 4, thelr processes (stratum radiatum), 5, reticular neuroglia (stratum laciniosum ) ; 

| medullary lamina, involuted around the dentate sure; * *, termination of 
thie amuina, the fibres here running longitudinally , 7, superficial nenrogiia of the fascla 
dentata ; *, ring of small cells within this (stratum granulosum ) 


rated from the rest of the grey matter by a layer of white substance. 
It is known as the clausirum. 


From the white centre bundles of medullated nerve-fibres pass in 
vertical streaks through the deeper layers of the grey matter, to lose 


STRUCTURE OF THE OLFACTORY TRACT AND BULB 208 


themselves amongst the pyramidal cells of the more superficial layers, 
with processes from which they are probably continuous. 

In the hippocampal region a remarkable difference of structure 
manifests itself (fig. 240). The superficial layer of neuroglia and the 
white stratum, which overlies it as a thin band in other parts of the 
cortex, are in this region both very strongly marked (5, 6), the neuroglia 
layer having a very distinctly reticular aspect, and being in part beset 
with small cells. All the rest of the thickness of the grey matter 
appears to be mainly composed of, or at legst to contain, long conical 
cells (3, 4), the distal processes or apices of which are prolonged into 
fibres which lose themselves in the superficial layer of neuroglia. The 
pyramidal cells rest upon the white centre, here known as the alveus (1), 
which is the part of the hippocampus seen within the ventricle, and 
which is prolonged externally into the fimbria (Fi), where its fibres be- 
come longitudinal in direction. 

In the dentate gyrus (fascia dentata, fig. 240, Fd) the pyramidal 
cells are arranged in an irregularly radiating manner, occupying the 
centre of the convolution, and surrounded by a ring of closely packed 
small cells (*), external to these being the relatively thick layer of 
superficial neuroglia (7). 

The olfactory tract is an outgrowth of the brain which was ori- 
ginally hollow, and remains so in many animals; but in man the 
cavity has become obliterated, and tle centre is occupied by neuroglia, 
containing, however, no nerve-cells (fig. 241). Outside the central 





i] 


aoe 


; 4 
—. . 


Fic. 241.—SkcTloN ACROSS THL OLE ACTORY GRACE. 


neuroglia lies the white or medullary substance, consisting of bundles 
of longitudinal white fibres. Most externally is a thin superficial 
layer of neuroglia. 

The olfactory bulb (fig. 242) has a more complicated structure. 
Dorsally there is a flattened ring of longitudinal white bundles enclosing 
neuroglia (1, 2,3), as in the olfactory tract, but below this ring 
number of layers are superadded as follows : 

1. A granule layer (fig. 242, 4), characterised by the presence of a 
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large number of small nerve-cells with reticulating bundles of medul. 
lated nerve fibres running between them. 

2. An intermediate nerve-cell layer (6) consisting of neuroglia, in 
which small pyramidal nerve-cells are embedded. This layer is also 
traversed by medullated nerve-fibres, aud is partly separated from the 
granule layer by irregular clefts (5). 

8. The layer of olfactory glomerult (7) consists of rounded nests of 
small ganglion-cells, which appear to give origin to the olfactory nerve- 
fibres. These pass betweey the glomeruli to enter the close plexus of 
non-medullated nerve-fibres which lies directly over the cribriform plate. 

4, This is the layer of olfactory nerve-fibres (8), and from it 
branches (*) pass directly downwards to the nasal fosse. 
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Frau, 242,—S¥cTionN ACROSS A PART OF LHI] OLFACIORY BULR. 


1, 3, bundles of very fine transversely cut nerve-fibres, forming the flattened medullary ring, 

enclosing the central neurogiia, 2, 4, granule-layer, 5, louse tissue with irregular spaces 

(? lymphatic), . intermediate layer, 7, layer of olfactory glomeruli, f, tf, 8, layer of 
ner ve-fibres, 


Basal ganglia.—- Besides the grey matter of the cerebral cortex the 
cerebral hemispheres conceal in their deeper parts certain other masses 
of grey substance (fig. 248). The principal of these are the corpus 
striatum (nucleus caudatus, c, and nucleus lenticularis, str) and optte 
thalamus (th). Between them run the bundles of white fibres which are 
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passing upwards from the crus cerebri, forming a white lamina termed 
the «nternal capsule. Above the level of these nuclei the internal 
capsule expands into the medullary centre of the hemisphere (see also 
figs. 244 and 245, with their description). 





Fic. 243.—LRONTAL SECLION THROUCH THE BE AIN AND SKULL MADE WHILST 
IROZIN. § 


e¢ corpus callosum , below its naddle part the septuin Incidum ani below that again the 
formx, 7} latersl ventni le ¢h& thalamus between the two thilami the third ventricle 
is seen below the thalamus i the subthalamie prolongation of the tezmentil rezion and 
below this the prolongation of the crusta, #7 lentiwniar nuclcus of the corpus sti2atum, 
e caudate nucleus of the same, between /2 and #7 the internal capsule 1s scen outside 
«7? is the thin grey band of the claustrum and onts: i tins again the mland of Rel ut the 
bottom of the Sylvian fissure na@ nucleus amygdile mmuincdiately within this 1s the optic 
tract seen im section, p pituitary body , A boty of the sphenoid bone, sa, subarachnoid 
space, t, villi of the arachnoid 


The nucleus caudatus of the corpus striatuin 1s composed of a 
reddish-grey neuroglia containing both moderately large and small multi- 
polar nerve-cells. It receives fibres from the part of the internal 
capsule which separates 1t from the nucleus lenticularis, and next the 
lateral ventricle 1t 15 covered by a thin layer of neuzoghia, and over 
this by the epithelium of the cavity. 

The nucleus lenticularis, which corresponds in position internally 
with the island of Reil externally, 1s divided by two white lamine into 
three zones. It is separated from the nucleus caudatus and optic thala- 
mus by the internal capsule (figs. 244, 245, 1c), which consists of the 
bundles of medullary fibres which are passing between the white centre 
of the hemisphere and the crus cerebri; it receives on its inner side 
many white fibres from the capsule, and these :mpart to it a radially 
striated aspect. Many of the nerve-cells of the nucleus lenticularis 


contain yellow pigment. 
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Fria. 244.—SEcTION ACROSS THE OPTIC THALAMUS AND CORPUS STRIATUM IN THR 
REGION OF THE MIDDLE COMMISSURE. (Natural size.) 


th, thalamus ; a, ¢, ¢, its anterior, external, and internal nuclei respectively; w, its external 
white layer ; m. c. middle commissure ; r. 3, third ventricle ; a small part 1s also seen below 
the middle commissure; ¢.c. corpus callosum ; ¥, fornix, separated from the third ventri- 
cle and thalamus by the velum interpositum. In the middle of this are seen the two veins 
of Galen and the choroid plexuses ot the third ventricle; and at its edges the choroid 
plexuses of the lateral ventricles, ¢.2.; ¢.s. tenia semicircularis ; cr, forward prolongation 
of the crusta passing laterally into the internal capsule, 3. c.; 3. ¢. 7. subthalamic prolonga- 
tion of the tegmentum, consisting of (1) the dorsal layer, (2) the zona incerta, and (3) the 
corpus subthalamicum ; s.. substantia nigra ; ».c nucleus caudatus of the corpus stria- 
tum ; #. 7. nucleus lenticulams; e. c, external capsule; cl. claustrum J, island of Reil ; 
h, hippocampus; d, fascia dentata. 


Fig. 245.—Horizonrau 
SECTION THROUGH THE 
MIDDLE OF THE RIGHT 
CEREBRAL HEMISPHERE. 
(Natural size.) 


v.i. lateral ventricle, anterior 
cornu; ,¢. corpus calio- 
sum ; 4.7, septum lucidum ; 
a, 7. anterior pillars of the 
fornix; v. 8, third ven- 
tricle; ‘A, thalamus opti- 
cus; 4.t. stria terminalis; 
n.c. nucieua candatus, and 
n.l. nuclens lenticularis of 
the corpus striatum ; 4, ¢. 
internal capsule; g, ite 
angle or genu; n. ¢. of 
the nucleus caudatus ap- 
pearing in the descending 
cornu, of the lateral ven- 
tricle; cl, claustrum; /, 
island of Reil. 
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The optic thalamus, which lies at the side of the third ventricle 
and forms part of the floor of the lateral ventricle, is covered externally 
by a layer of white fibres, most marked next to the internal capsule, 
fibres from which pass into the thalamus and serve to connect it with 
the hemisphere. 

The grey matter of the thalamus (fig. 244) is partially subdivided 
by an oblique white lamina into a smaller, inner (i), and a larger, 
outer, nucleus (e); these contain a number of small scattered nerve- 
cells. Anteriorly another portion of grey matter (a) is divided off in a 
similar way; this contains comparatively large nerve-cells. 

Attached to the optic thalamus below and externally are the two 
geniculate bodies which are connected with the optic tract. The outer 
geuiculate body has a lamellated structure consisting of alternating 
layers of grey and white matter. 

The tegmentum of the crus cerebri is prolonged below the thala- 
mus opticus into a mass of grey substance, with longitudinally and 
obliquely crossing white bundles, which is known under the name of 
subthalanuc region. In it at least three parts differing from one 
another in structure may be distinguished (see fig. 244, 1, 2, 3). 

The pineal gland, which is developed in the roof of the third 
ventricle, is composed of a number of tubes and saccules lined and 
sometimes almost filled with epithelium, and containing deposits of 
earthy salts (brain sand). These may, however, occur in other parts 





Fre. 246.—SECTION OF THE UPPER PART OF THK BRAIN AND MENINGES TO SHOW THE 
RELATIONS OF THE ARACHNOIDAL VILLI. (Magnified.) 


¢¢, corpus callosum; J, falx cerebris sa. subarachnoid space, pervaded by a network of 
fine trabeculae; from it the fungiform villi are seen projecting into the dura mate. 
Some are projecting into the superior longitudinal sinus, s, 


of the brain as well. The follicles are separated from one another by 
vascular connective tissue derived from the pia mater. 


The pituitary body is a small reddish mass which lies in the sella 
P 


Base, Fe 
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Fic. 244.—Skecrion ACROSS THE OPLIC THALAMUS AND CORPUS STRIATUM IN THE 
REGION OF THE MIDDLF COMMISSURE. (Natural size.) 


th, thalamus ; a, e, 1, 1ta anterior, external, and internal nuclei respectively; w, ita external 
white layer ; m. c. middle commissure ; v. 3, third ventricle ; a small part 1s also seen below 
the middle commissure, ¢ c, corpus callosum , /, fornix, separated trom the third ventri- 
ele and thalamus by the velum interpositum In the middle of this are seen the two veins 
of Galen and the choroid plexuses of the third ventricle, and at ita edges the choroid 
plexuses of the lateral ventricles, v.2.; ¢ s tena semicircularis; cr, forward prolongation 
of the crusta passing laterally into the internal capsule, ic ; ¢. 4. 7. subthalamic prolonga- 
tian of the tegmentum, consisting of (1) the dorsal layer, (2) the zona incerta, and (3) the 
corpus subthalamicum ; 4.” substantia nigra, 7 ¢c nucleus caudatus yf the corpus stria- 
tum, n.é. nucleus lenticularis, ¢. c, external capsule, cl. claustrum \, island of Reil, 


A, hippocampus; d, fascia dentata. 


Fic. 245.—HorizonTav 
SECTION THROUGH THE 
MIDDLE OF THE RIGHT 
CEREBRAL HEMISPHERE. 
(Natural size.) 


v.d lateral ventricle, anterior 
cornu; ¢.c. corpus callo- 
sum ; s.7. septum lucidum ; 
a.y. anterior pillars of the 
fornix, v, 8, third ven- 
tricle, ‘A, thalamus opti- 
cus; 4. stria terminalis; 
nm, c. nucleus caudatus, and 
n. tl. nucleus lenticularis of 
the bed ap striatum ; 4. c. 
inte capsule; g, ite 
angle or genu; 2. c. tail of 
the nucleus canudatus ap- 
pearing in the descending 
cornu of the lateral ven- 
tricle; ci, claustrum; J, 
island of Rell. 
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‘Fhe optic thalamus, which lies at the side of the third ventricle. 
and forms part of the floor of the lateral ventricle, is covered externally 
by a layer of white fibres, most marked next to the internal capsule, 
fibres from which pass into the thalamus and serve to connect it with 
the hemisphere. | 

The grey matter of the thalamus (fig. 244) is partially subdivided 
by an oblique white lamina into a smaller, inner (7), and a larger, 
outer, nucleus (e); these contain a number of small scattered nerve- 
cells. Anteriorly another portion of grey matter (a) is divided off in a 
similar way; this contains comparatively latge nerve-cells. 

Attached to the optic thalamus below and externally are the two 
geniculate bodies which are connected with the optic tract. The outer 
geniculate body has a lamellated structure consisting of alternating 
layers of grey and white matter. 

The tegmentum of the crus cerebri is prolonged below the thala- 
mus opticus into a mass of grey substance, with longitudinally and 
obliquely crossing white bundles, which is known under the name of 
subthalamic region. In it at least three parts differing from one 
another in structure may be distinguished (see fig. 244, 1, 2, 3). 

The pineal gland, which is developed in the roof of the third 
ventricle, is composed of a number of tubes and saccules lined and 
sometimes almost filled with epithelium, and containing deposits of 
earthy salts (brain sand). These may, however, occur in other parts 
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Fic. 246.—SecTrION OF THE UPPER PART OF THE BRAIN AND MENINGES TO SHOW THE 
RELATIONS OF THE ARACHNOIDAL VILLI. (Magnified.) 


c,¢, corpus callosum; jf, falx cerebri; 4a. subarachnoid space, pervaded by a network af 
fine trabecule; from it the fungiferm villi are seen projecting into the dura mate, 
Some are projecting into the superior longitudinal sinus, s. 


of the brain as well. The follicles are separated from one another by 
vascular connective tissue derived from the pia mater. 


‘The pituitary body is a small reddish mass which lies in the sella 
: a 
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tureica, and is connected with the third ventricle by the infundibulum. 
Tt consists of two lobes, a larger anterior, and a smaller posterior. 
The anteror lobe is originally developed as a hollow protrusion of the 
buccal epithelium. It consists of a number of tubules, which are lined 
by epithelium, and united by connective tissue. In some of the tubes 
the epithelium is ciliated, and sometimes a colloid substance hke that 
occurring in the vesicles of the thyroid has been found in them. 

The posterior lobe of the pituitary body, although developed from 
the floor of the third ventricle, contains scarcely any perceptible 
nervous elements in the adult. It consists chiefly of vascular con- 
nective tissue. 

The membranes of the brain are similar in general structure to those 
of the spinal cord, p. 185. The dura mater 1s, however, more closely 
adherent to the under surface of the bony cavity than is the case in 
the vertebral canal. The arachnoid is in many places close to the 
dura mater, and separated by a wide subarachnoid space, which is 
bridged across by finely reticulating bands of areolar tissue (subarach- 
noid trabecule, fig. 246, s.a.) from the pia mater. In the vicinity of 
the longitudinal smus, small rounded elevations (arachnoidal villi, 
Pacchionian glands) project into the dura mater, and even become em- 
bedded in the skull itself. 
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LESSON XXXIX. anp XU. 


STRUCTURE OF THE EYELIDS AND OF THE PARTS OF 
THE EYEBALL. 


LESSON XXXIX. 


1. Sections of the eyelid vertical to its surfaces and transverse to its long 
axis. The lid should be hardened in alcohol, and the sections may be stained 
with hematoxylin and mounted in the usual manner. 

Notice the long sacculated Meibomian glands lying in dense connective 
tissue close to the conjunctival surface, and their ducts opening at the 
margin of the lid. External to these the small fibres of the orbicularis pal- 
pebrarum cut across; a few of the fibres of the muscle lie on the conjunctival 
side of the duct. A short distance from the Meibomian gland may be 
observed another tolerably large sebuceous gland ; outside this again are the 
eyelashes. In the skin covering the outer surface of the eyelid a few small 
hairs may be seen. At the attached part of the eyelid are some bundles of 
involuntary muscular fibres cut longitudinally in the section, and in the upper 
eyelid the fibrous attachment ofthe elevator muscle may be observed attached 
to the dense connective tissue. 

Make a genera] sketch under a low power. 


2. Sections through the posterior part of an eyeball that has beon hardened. 
in Miiller’s fluid. The sections are stained and mounted in the usual way. 
These sections will show the relative thickness of the several coats and the 
layers of which each coat is formed. Sections which pass through the point 
of entrance of the optic nerve will also exhibit the manner in which the 
nerve-fibres pierce the several coats to reach the inner surface of the retina. 
The modifications which are found in the neighbourhood of the yellow spot 
may also be made out if the sections have been taken from the human eye. 


8. Sections of the anterior half of an eyeball which has been hardened in 
Miiller’s fluid. These sections should pass through the middle of the cornea. 
The lens may be left in situ, but this renders the preparation of the sections 
and the mounting of them much moro difficult. 

In these sections make a general sketch under a low power, showing the 
relations of the several parts one with another ; and study carefully, and sketch 
in detail, the layers of the cornea, the place of junction of the cornea and 
sclerotic, the ciliary muscle, the muscular tissue of tho iris, the mode of sus- 
pension of the lens, and the pars ciliaris retine. 


4. Mount in glycerine thin tangential sections of a cornea stained with 
chloride of gold by Cohnheim's method. Sketch three or four of the con- 
nective-tissue cells (corneal corpuscles). The arrangement and distribution 
of the nerve-fibres and their termination amongst the epithelium-cells as 
shown in chloride of gold preparations have been already studied (Lesson 


XIX.) 
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6. Mount in Canada baleam sections of 3 cornea which has been stained 
with nitrate of silver. Notice the branched cell-spaces corresponding with 
the connective-tissue cells of the last preparation. 

his preparation is best made by rubbing the surface of the cornea with 
lunar caustie after scraping off the opithelium. After ten or fifteen minutes 
(by whieh time the nitrate of silver will have penetrated the thickness of the 
cornea) the eye is washed with distilled water, placed in spirit, and exposed 
to the light. When brown and sufficiently hardened, tangential sections may 
be made with a razor.] 


Qeeeeee cen ~ 


* LESSON XL, 


1. Remove the sclerotic from the anterior part of an eye which has been 
preserved in Muiller’s fluid, and tear off thin shreds from the surface of the 
choroid, including amongst them portions of the ciliary muscle. Stain the 
shreds with logwood and mount them in Farrant’s solution. Sketch the 
branched pigment-cells, the elastic network, the mode of attachment of the 
fibres of the ciliary muscle, & 


2. Injected preparation of choroid and iris. Mount in Canada balsam por- 
tions of the choroid coat and iris from an eye, the blood-vessels of which have 
been filled with coloured myection. Make sketches showing the arrangement 
of the capillaries and veins. 


8. Teased preparation of retina. Break up with n edles in a drop of 
glycerine a@ minute fragment of retina which has been placed in 1 per cent. 
osmic acid solution for a few hours, and has subsequently been kept in dilute 
glycerine. Complete the separation of the retinal elements by tapping the 
cover-glass. Draw carefully under a high power some of the isolated 
elements—e.g. the rods and cones with their attached fibres and nuclei, the 
inner granules, the ganglion-cells, the fibres of Muller, hoxagonal pigment- 
cells, &. In some of the fragments the arrangement of the elements in the 
retinal layers may be made out even better than im actual sections. 

™ Measure the length and diameter of some of the cones, the length of the 
CON6-in,+63 and the diameter of some of the outer and inner nuclei. 


4. Teased preparation of lens. Separate in water the fibres of a erysviallinn 
lens which has been macerated for some days in weak bichromate of potash 
solution. Sketch some of the fibres, together and separate. 


The eyelids (fig. 247) are covered externally by the skin, and in- 
ternally or posteriorly by a mucous membrane, the conjunctiva, which 
is reflected from them over the globe of the eye. They are composed 
in the main of connective tissue, which is dense and fibrous under the 
conjunctiva, where 1t forms what is known as the tarsus. 

Embedded in the tarsus is » row of long sebaceous glands (the Mei- 
bomian glands, f), the duets of which open at the edge of the eyelid. 
The rest of the thickness of the eyelid is composed of a somewhat 
loose connective tissue, and contains the bundles of the orbicwlaris 
muscle (b). In the upper eyelid the levator palpebre is inserted inte 
the tarsus by a fibrous expansion, and some bundles of involuntary 
muscle are also present near the attachment of the eyelid, The skin 
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has the usual structure; it contains amall sweat-glands and the fol- 
licles of small hairs, and, in addition, at the edge of the eyelid, the 
large hair-follicles from which the eyelashes grow. The epithelium of 
the conjunctiva palpebre is columnar, passing at the edge of the lid 
into the stratified epithelium of the skin; it also becomes stratified in 





Fro, 247.—VERTICAL SECTION THROUGH THE UPPER EYELID. 
(Magnitied.) 


a, akin 3 6, verge b’, oilisry bundle; ¢, involuntary muscle of eyelid; d, conjunctiva: 
¢, tarsus; J, M elbomian gland; 9, sebaceous gland near eyelashes, with modified sweat 
gland rides with it; &, eyelashes; i, small hairs in otter skin; », sweat-glands: 

posterior tarsal glands, 


the part which is reflected over the globe of the eye. The nerves o: 
_ the conjunctiva terminate for the most part in end-bulbs, which ix 
‘. ABN Bre spheroidal, and formed chiefly of a small mass of polyhedra 
«elt, but in the calf and most animals they are elliptical, and consis 
‘af a cove and lamellated sheath (sea Tiessan XTX.\ 
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The lachrymal gland may be briefly mentioned in connection with 
the eyelid. It is a compound racemose gland, yielding a watery secre. 
tion, and resembling in strueture the serous salivary glands, such ea 
the parotid. 


a . Ths LERNER 
op 


ee el 
eS 





Fia. 248,-~V ERTICAL SECTION OF HUMAN CORNEA FROM NEAR THE MARGIN, 
(Magnified.) 


1, epithelium; 2, anterior homogeneous lamina; 3, substantia propria cornee; 4, posterior 
homogeneous (elastic) lamina ; 5, epithelium of the anterior chamber; a, oblique fibres 
Lt or anterior layer of the substantia propria; 4, lamelig, the flbresof which areout  - 

g 8 dotted appearance ; ¢, corneal corpuscles appearing fusiform in section ; 
2 pant les of fibres cut longitudinally ; ¢, t tion to the sclerotic, with more distines 
fibrillation, and surmouuted by a thicker epithelium ; 7, small bloed-veasels out, across 
near the margin of the cornea. 


The sclerotic coat is composed of dense fibrous tissue, the: bundtes 
of which are intimately interlaced. It is thickest at the back of the 
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eyeball. It is covered externally with a lymphatic epithelium, while 
internally it is lined by a layer of connective tissue containing pig- 
ment-cells, which give it a brown appearance (lamina fusca). At the 
entrance of the optic nerve the sclerotic is prolonged into the sheath 
of that nerve, the bundles of which, piercing the coat, give a sieve-like 
aspect to the part (lamina cribrosa, fig. 257, L). 

The cornea (fig. 248) consists of the following layers enumerated 
from before back : 

1. A stratified epithelium continuous wjth the epithelium of the 
conjunctiva (1). 

2. A thin lamina of homogeneous connective tissue (membrane of 
Bowman), upon which the deepest cells of the epithelium rest (2). 

8. A thick layer of fibrous connective tissue which forms the 
proper substance of the cornea (3), This is continuous laterally with the 
tissue of the sclerotic. It is composed of bundles of white fibres 
arranged in regular lamine, the direction of the fibres crossing one 
another at right angles in the alternate lamine. Between the lamin» 
lie flattened connective-tissue corpuscles, which are branched and 
united by their processes into a continuous network ; there is of course 
a corresponding network of cell-spaces (fig. 249, A, B). In vertical 





Fra, 249.—a, CoRPUSC LES OF THL RAT’s CORNFA. (Fron: a preparation treated 
with chloride of gold.) 8. Cen.-sPAcLS OF THF RAT'S CORNKA. (From a 
preparation stained with nitrate of silver.) 


sections the cells appear narrow and spindle-shaped (fig. 248, c). In 
the superficial laminz there are a few bundles of fibres which run 
obliquely towards the surface (a). 

4, A homogeneous elastic layer (membrane of Descemet) (fig. 248, 4). 
This completely covers the back of the cornea, but at the angle which 
the cornea forms with the iris it breaks up into separate fibres, which 
are continued into the iris as the kgamenium pectinatum, or pillars of 
the iris. 
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&. A layer of pavement-epithelium covering the posterior surface of, 
the elastic lamina, and lining the front of the anterior chamber of the 
eye (fig. 8348, 8). At the sides it is contmued over the ligamentum 
pectinatum into a similer epithelium, covering the anterior surface 
of the iris (fig. 258, V). 

The nerves of the cornea pass in from the periphery, losing their 
medullary sheath as they enter the corneal substance. They form 
@ primary plexug in tLe substantia propria, a secondary or sub-epit- 
helial plexus immediately under the epithelium which covers the 
anterior surface, and a terminal plexus of fine fibrils which pass from 
the sub-epithelial plexus in pencil-like tufts and become lost between 
the epithelium-cells (see figs. 105, 106, Lesson XIX.) There are no 
blood-vessels or lymphatics n the cornea, although they come close 
up to its margin. 

The choroid or vascular coat of the eye is of a black colour in many 
animals, butim the human eye is dark brown. Itis composed of connec- 
tive tissue, the cells of which are large and filled with pigment (fig. 251), 
and it contains in its mner part a close network of blood-vessels, and 





BAIOOALAY Be 


hich 250,—S1¢ rrow of CHOROID. (Cadiat.) 


«a membrane of Bruch the chorio-capillaris is just above it, 4, vascular layer, ¢, vessels 
with blood-corpuscles , d, lamina suprachoroidea, 


in its anterior part the involuntary muscular fibres of the ciliary 
muscle, which pass backwards from their origin at the junction of the 
cornea and sclerotic, to be inserted into the choroid, The choroid is 
separable into the following layers, enumerated from without in 
(fig. 250) : 

1. The lamina suprachoroidea (fig. 250, d). This is a thin mem- 
brane composed of homogeneous connective tissue pervaded by a net- 
work of fine elastic fibres, and containing many large branched 
pigment-cells and lymph-corpuscles (fig. 251). It is covered super- 
ficially by a delicate lymphatic epithelium, and is separated from the 
lamina fusea by a cleft-like lymphatic space which is bridged acrogs 
here and there by the passage of vessels and nerves, and by bands of 
connective tissue. 

2. The vascular layer of the choroid (fig. 250, 6), which: 
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Cia, 251.—A SMALL PORLIOW OF LIK 1 AMINA SUPRACHOROIDYA. (Highly magnified.) 


Pp, pigment-cells , 4, elastic fibres, n, nuclei of epithelioid cells (the outlines of the 
iclls are not dicated), 2, lymph cells 





Tia. 232. INJECLED BLOOD-VESSELS OF 1HE CHOROID COAT, 


1, one o° the larger veins, 3, small anastomosing vessels; 8, branches 
dividing iuto the »mallest vessels, 
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the suprachorcides in stracture, but contains the blood-vessels of the 
coat, In its outer part are the larger vessels (arteries and veins), the 
veins having a peculiar vorticose arrangement; in its inner part 
(chorio-eapillaris) are the capillaries, which form an extremely close 
network with elongated meshes, the capillaries radiating from the 





» 268.—Srcerion (FROM THF RYE OF A MAN, AGFD 80), SHOWING THE 
RELATIONS O} THE CORVFA, & LEROTIC, AND IRIS, TOGFTHLR WITH THE 
CTIITARY MUSCLE, AND THF CAVFRNUUS SPAC FS NEAR THE ANGLF OF 1Hb 
ANTFRIOR CHAMBER. (Magnified.) 


A, epithe {um , B, conjunctival mucous membrane , ¢, sclerotic , p, membrana auprachoroidea ; 
R, opposite the ciliary muscle, F, chorvid, with ciliary processes, G, tapetum nigrum and 
pars oilfaris retinge, H, cornea (substantia propria), J, ris, K, radiating and mendional, 
and u, circular or annular bundles of the ciliary muscle, mM bundles Lr peagh fe the 
sclerotic , X, ligamentum pectinatum iridis at the angle, 9, of the anterior chamber; 
P, line of attachment of theiris 1, anterior homogeneous lamina of the corneas , 2, posterior 
ray rae lamina, covered with epithelial cells which are continued over the front of 
the iris , 8, cavernous spaces at the angle of the anterior chamber (spaces of Fontana) ; 
4, canal of Schiemm, with epithelial lining, and with a vessel, 6, leading from it; 6, other 
veasels ; 7, bundles of fibres of the sclerotic having a cireniar direction, cut soross; 
8, larger ones in the substance of the sclerotic, 9, fine bundles cnt across, at limit of 
cornea, 10, point of origin of meridional bundles of ciliary muscle, 11, b'ood-veasels in 

sclerotic and conjunctiva, cut across, 12, section of one of the cihary arteries 


extremities of the small arteries and veins in a highly characteristic 
manner (fig, 262), In the ciliary processes the vessels have for the 
most part a longitudinal direction, but there are numerous convoluted 
transversely disposed capillaries uniting the longitudinal veawels (fig, 255), 
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$. Lining the inner surface of the choroid is a very thin trans- 
parent membrane known as the membrane of Bruch (fig. 250, a). 

The ciliary muscle of Bowman consists of involuntary muscular 
bundles which arise at the corneo-sclerotic junction, and pass meri- 
dionally backwards to be inserted into the choroid (fig. 258, x). Many 
of the deeper-serted bundles take an oblique direction, and these pass 
gradually into others which run circularly around the circumference 
of the iris, and on a level with the ciliary processes. This set of 
circularly arranged bundles constitutes the circular cilvary muscle of 
H. Maller (1); 1¢ is most marked in hypermetropic eyes. 

The iris is that part of the vascular coat of the eye which oxtends 
in front of the lens. It is continuous with the choroid and has a 





Fic. 254.—SmGMFNT OF LHI IRIS, SEFN kROW THE POS 
QFRIOR SURFACK AFTER REMOVAL OF THF UVE AI 
PIGMFN1. 


a, sphinoter muscle, 4, dilatator muscle of the pupil. 


Fic, 265.—~VFssELS OF THF CHOROID, CILIARY PROUKSSFS, 
AND 1818 OF A CHILD. (10 diameters.) 


a, capillary network of the posterior part of the choroid, ending 
at b, the ora serrata, c, arteries of the corona ciliaris, supplying 
the ’olliary processes, d, and passing into the uns, e, 7%, the ca- 
pillary network close to the pupilla:y margin of the ‘ins 





similar structure, but its pigment-cells often contain coloured pigment. 
Besides the homogeneous connective tissue, with numerous elastic fibres 
and blood-vessels of which it is chiefly composed, it contains two sets 
of plain muscular fibres. The one set forms the sphincter muscle (fig. 
245, a), which encircles the pupil, the other set consists of a flattened 
layer of radiating fibres which extend from the attachment of the iris 
nearly to the pupul, lying close to the posterior surface and constituting 
the dilatator muscle (6). 

The back of the iris is covered by @ thick layer of pigmented 
epithelium (uvea) continuous with the epithelium of the pars ciliaris 
retine. 

Tho blood-vessels of the iris converge towards the pupil (fig. 256, e). 
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Near the pupil the small arteries form a small anastomotic circle, from 
whith capillaries arise and pass still nearer the pupil, around which 


they form a close capillary network. 


A large number of nerve-fibres are distributed to the choroid and 
iris, probably going chiefly to the muscular tissue (ciliary musele and 


sphincter and dilatator iridis), 


The retina consists of the eight layers shown in the accompanying 
figure (fie. 256). numbered as thev occur from within ont. 
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8 
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Layer of pigment-celle, 


Layer of rods and cones 


. » Membrana limitans externa 


Outer nuclear lav er. 


Outer mole: dlar layer. 


Inner nuclear Jay er. 


Inner molecular laser. 


Layer of nerve-cells. 


Layer of nerve-fibres, 


Membrana limitans interna 


Fie. 256.—D1IAGRAWWATE SLC TION OF THE HUMAN REINA, 


The inner surface of the retina, which is smooth, rests upon the 
hyloid membrane of the vitreous humour. It is formed of the united 
bases of the fibres of Muller, which will be afterwards described. 

The layer of nerve-fibres is formed by the expansion of the 
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optic nerve after it has passed through the coats of the eye (fig. 267). 
At its entrance it forms a slight eminence (colliculus nervi optict). 
The nerve-fibres lose their medullary sheath on reaching the retina. 
The layer becomes gradually thinner in the anterior part of the retina. 
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Fic. 257.—SECIION THROUGH THE COALS OF THE LYLT BAIL AL THE POINT OF 
ENTRANCE OF THE OPTIC NFRVE. (Toldt ) 


Ve, dural sheath ; Vm, arachnordal sheath, and T pia mitral sheath of the optic nerve, with 
lymphatic spaces between them ; 0, 0, funicul of the neive, Z, lamina cribrosa , A, central 
artery, S, sclerotic; (4 choroid, A, retina. The small letters refer to the various parts of 
the retina, d being the layer of rods and cones, and s that of nerve-fibres, 


The layer of nerve-cells, or ganglionic layer, is composed of large 
nerve-cells somewhat like the cells of Purkinje of the cerebellum, and 
having on the one side a fine axis-cylinder process prolonged into a 
nerve-fibre, and on the other a thick branching process, the raimifica- 
tions of which become lost in the next layer. 

The inner molecular layer is comparatively thick, and has an 
appearance very like the neuroglia of the grey matter of the nerve- 
centres. A few nuclei are scattered through it, and it is traversed by 
the processes of the nerve-cells and of the inner granules, as well as by 
the fibres of Muller. 

The inner nuclear layer is mainly composed of bipolar cells con- 
taining large nuclei (ier granules), The processes of these cells 
extend on the one hand inwards through the inner molecular layer, 
probably to join with nerve-fibres or with the processes of the gan- 
glion-cells, whilst the other process is directed outwards, and is con- 
nected with the extremity of a rod or cone fibre. Besides these bipolar 
cells, there are other inner granules which are different in character, 
being devoid of processes and resting on, or even embedded in, the 
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inner molecular layer, with the formation of which they are probably 
connected. Others, which are larger and more rounded, are applied 
to the outer molecular layer. The fibres of Miiller have nucleated 
enlargements in the inner nuclear layer. 

The outer molecular layer is thin, and is composed of flattened and 
branched cells, the ramified cell-processes being united into a close 
network (fig. 258). 





Fic, 258—BRANCHED CELLS WITH fHF UNITING FELTWORF OF FIBRES FROM THE 
OULER MOLECULAR LAYER OF THE HORSE’S ELINA, 


As far as the outer molecular layer the retina may be said to con- 
sist of nervous elements, but beyond this layer it is formed of modified 
epithelium-cells. 

The outer nuclear layer and the layer of rods and cones are com- 
posed of elements which are continuous through the two layers, and 
they should properly, therefore, be described as one. It may be termed 
the neural or sensory epitheliwm of the retena (fig. 260,6 and 7). The 
elements of which the neural epithelium consists are elonguted, nucle- 
ated cells of two kinds. The most numerous, which we may term the 
rod-elements, consist of peculiar rod-like structures (rods proper) set 
closely side by side, and each of which is prolonged internally into a fine 
varicose fibre (rod-fibre) which swells out at one part of its course into 
a nucleated enlargement. The rod proper consists of two segments, an 
outer cylindrical and transversely striated segment, which during life 
has a purplish-red colour, and an inner slightly bulged segment, which 
in part of its length is longitudinally striated. The nucleus of the 
rod-element often has, in the fresh condition, a transversely shaded 
aspect (fig. 259), The cone-elements are formed of a conical taper- 
ing external part, the cone proper, which is directly prolonged into 
a nucleated enlargement, from the farther side of which the cone- 
fibre, considerably thicker than the rod-fibres, passes inwards, to ter- 
minate by an expanded base at the outer molecular layer. The cone 
proper, like the rod, is formed of two segments, the outer of which, 
youch the smaller, is transversely striated, the inner, bulged segment 
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Fie 259—DIAGRAMMATIC RFPRISENIATION OF THF NERVOUS AND EPITHFIIAL 
FLEMENTS OF THE RFILINA. 


1 #0 &, nervous elements 7, epithelial elements The designation of the numbers is the aame t 
in fig 346 The pave the molecnlar layers is indicated mcrely by linear shading 











224 THE HSSENTIALS OF HISTOLOGY 


being longitudmally striated. The inner ends of the rod- and cone- 
fibres are believed to be connected with processes from the inner 
granules, and through these with the nerve-cells and nerve-fibres. In 
birds, reptiles, and amphibia, a small ouil-globule, often brightly 
coloured red, yellow, or green, 18 found in the mner segment of each 
cone, and other variations of structure are met with in animals. Tho 
cones are most numerous at the back of the retina, they are fewer in 
number, and the 10ds are proportionally more numerous, towards the 


anterior part. 





kia 260 —PIGMENIFD TPILHEIIUM OF LITT 
HUMAN RFINA (Highly magnificd ) 

a, cells seen from the outer surface with clear 
lines of intercellular substance between 6 two 
cells seen 1n profile with fine offsets ¢ <tending 
mvyards ¢ a ecll still m connection wath the 
outer ends of the rods 


Frou. 261A riper or Murti rr FROM A. 
HUMAN RFSINA, ISO1 ATFD, +499 

b, base of the fibre xn, its nucleus me? mem 
brana limitans etterna, «mi external mo 
lectilax layer. 





The pymentary layer 1s the most exteinal part of the retina. It is 
formed of hexagonal epithelium-cells (fig. 260), which are smooth exter. 
nally where they rest against the choroid, but are prolonged internally 
into fine filaments which extend between the rods. The pigment-granules, 
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many of which are in the form of minute crystals, lie in the inner 
part of the cell, and after prolonged exposure to the light they are 
found extending along the cell-processes between the rods (8, c), their 
function being probably connected with the restoration of the purple 
colouring matter which has been bleached by the light. 

Fibres of Muller.—The fibres of Muller (fig. 261) are long stiff fibres 
which pass through several of the retinal layers. Commencing at the 
inner surface of the retina by expanded bases which unite with one 
another to form the so-called internal limiting membrane (fig. 856), the 
fibres pass through all the layers in succession, until they reach the 
outer nuclear layer. Here they branch and expand into a sort of reti- 
cular tissue which serves to support the fibres and nuclei of the rod- and 
cone-elements. At the bases of the rods and cones, this sustentacular 
tissue ceases, being here bounded by a distinct margin which has been 
called the external limiting membrane (m. ¢. l.), but delicate sheaths 
have been described passing from it round the bases of the rods and 
cones. Hach Millerian fibre, as it passes through the inner nuclear 
layer, has a nucleated enlargement (7), indicating the original cell 
nature of the fibre. 

There are two parts of the retina which call for special description. 

The macula lutea (ycllow spot, fig. 268), with its central fovea, lies 
in the visual axis, and is the part of the retina which is most imunedi- 
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Fic. 262.— VERTICAL 51 (TION THROUGH THE MACULA LUTEA AND FOVEA CENTRALIS 5 
DIAGRAMMALI(, 


1, nerve-layer ; 2, ganglionic layer ; 3. ner molecular; 4, inner nuclear ; and 5, outer molecu- 
"lar lay pile ; 6, outer nuclear lay el, the mner part with only cone-fibre» forming the so-culled 
external fibious layer; 7, cones and rods. 


ately concerned in direct vision. It is characterised first by its greater 

thickness (except: at the fovea), secondly by the large number of 

ganglion-cells, which are all distinctly bipolar (2), and thirdly by the 

large number of cones it contains as compared with the rods. In the 
Q 
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central fovea itself there are no rods, and the cones are very long and 
slender; moreover, all the other layers become gradually thinned 
down almost to complete disappearance, so that the middle of the central 
fovea is the thinnest part of the retina. Since there are few rods, the 
outer nuclear layer (6) loses in great measure its appearance of being 
composed of closely packed nuclei, and the cone-fibres are very distinct. 
The direction of all the fibres is very oblique in this part of the retina. 

The pars ciliaris retine which commences at the ora serrata, where 
the retina proper abruptly ends, is composed of two epithelial layers 
(fig. 268), and has no nervous structures. Of the two layers, the 


Fic. 263.—A SMALE PORTION. Of 
THR CILIARY PARI OL THK Ri- 
11Ni. (350 diameters.) 


1, ppgment-cells 3 2, co umuar cells, 





external is a thick stratum of pigmented epithelium formed of rounded 
cells and continuous with the pigmentary layer of the retina on the 
one hand, and with the uvea of the iris on the other the inner is a layer 
of columnar cells each containing an oval nucleus. 

The retina contains but few blood-vessels. The artery enters and 
the vein leaves it in the middle of the optic nerve. The larger vessels 
ramify in the nerve-fibre layer, and there are capillary networks in 
this layer and in the inner nuclear layer. There are peri-vascular 
lymphatic spaces around the veins and capillaries. The neural epithe- 
lium receives no blood-vessels, but is nourished from the vessels of the 
choroid. 

Structure of the lens. The lens is a laminated fibrous body en- 
closed by a transparent elastic capsule into which, around the circum- 





Fic. 264.—SecTION THROUGH THE MARGIN OF THE RABBIT’S LENS, SHOWING THE 
TRANSITION OF THE EPITHELIUM INTO THE LUNS+FIBRES. 


ference, the fibres of the suspensory ligament are inserted. Immedi- 
ately within the capsule, in front and at the sides, there is a layer of 
cubical epithelium termed the epithelium of the capsule, but at the 
margin of the lens the cells become longer and pass by a gradual 
transition into the lens-fibres (fig. 264). The fibres which compose the 
lens are long and riband-shaped, with finely serrated edges (fig. 265, A); 
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in transverse section they appear prismatic (B). Many of the superficial 
fibres are nucleated (c), the lens-fibres having originally been developed 


by the elongation of epithelium-cells, 





Fre. 265.—] merits OF THE CRYSTALLINI LENS. (350 diameters, ) 


A, longitudinal view of the fibres of the lens from the ox, showing the serrated edges. B, 
transverse section of the fibres of the lens from the humaneye O, longitudinal view of 
a few of the fibres from the equatunal region of the human lens. Most of the fibres 1m, 
C are seen edgeways, ani, towards ] present the swellings and nuclei of the ‘nuclear 
zone ;’ at 2, the flattened sirles of two fibres are seen, 


The vitreous humour is composed of soft gelatinous tissue, appa- 
rently structureless when examined in the fresh condition, but contain- 
ing a few scattered amceboid cells, the processes of which are often long 
and varicose, and the cell-bodies distended by large vacuoles. The 
hyaloid membrane, which invests the vitreous humour, is homogeneous 
and structureless except in the region of the ciliary processes, where it is 
fibrous in structure, forming the zonule of Zinn and spreading out into 
the suspensory ligament of the lens. 

Q2 


228 THE ESSENTIALS OF HISTOLOGY 


~LESSON XLI. 


STRUCTURE OF THE OLFACTORY MUCOUS MEMBRANE 
AND OF THE EXTERNAL AND MIDDLE EAR. 


1, VERTICAL sections of the olfactory mucous inembrane. The sections may 
be carried either across the middle turbinate bone, after decalcification in 
0°2 per cent. chromic acid, or across the upper part of the nasal septum. 
Make a sketch under the low power. Notice the difference in the character 
of the epithelium in the olfactory and respiratory parts of the membrane. 


2. Teased preparation of the epithelium of the olfactory mucous mem- 
brane. A piece of the membrane is placed quite fresh in osmic acid (1 per 
cent.) for a few hours, and is then macerated for two days or more in water. 
The epithelium is broken up in dilute glycerine; the ells easily separate 
from one another on tapping the cover-glass. Notice the two kinds of cells. 
Sketch some of the cells under a high power. 


3. Sections of the external ear (these have been already studied for the 
cartilage, Lesson XIT.) 


4. Sections across the cartilaginous part of the Eustachian tube. Sketch 
under the low power. 


5. Preparation of the membrana tympani. A piece of the mombrane. 
stained with hematoxylin. and mounted flat in Canada balsam. 

Determine the composition of the membrane —z,e. the several layers com- 
posing it—by focussing carefully with the high power. 


STRUCTURE OF THE OLFACTORY MUCOUS MEMBRANE. 


The olfactory region of the nasal fosse includes the upper and 
middle turbinate processes and the upper third of the septum. It is 
covered by a soft vascular mucous membrane of a yellow colour in man. 

The epithelium of the olfactory mucous membrane (figs. 266, 267) is 
very thick and is composed of long tapering cells, set closely side by 
side and bounded superficially by a cuticular lamina, through which the 
free ends of the cells project. The cells are of two kinds: 1. Long 
narrow spindle-shaped or bipolar cells consisting of a larger part or 
body (6), containing the nucleus, and of two processes or poles, one (c) 
straight and cylindrical and extending to the free surface, the other (d) 
very delicate and varicose, looking not unlike a nerve-fibril and extending 
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down to the corium. ‘The position of the nuclear enlargement varies, 
and with it the relative length of the two processes. The distal or free 
process terminates in a small clear projection, which passes beyond the 
cuticular membrane; in amphibia, reptiles, and birds, and perhapsin some 





Fia. 266.—CrL_s AND TERMINAL NERVF-FIBRES OF THL OLE ACTORY REGION, 
(Hlighly magnified.) 


1, from the frog; 2, from man; a, epithelial cell, extending deeply into a ramified process: 
h, olfactory cells; ¢, their pernpheral rods; ¢, their extremities, seen in 1 to be prolonged 
into fine hairs; @, their central filaments, 


mammals, it bears fine stiff hairlike filaments (e). The proximal or vari- 
cose process becomes lost amongst the plexus of olfactory nerve-fibrils at 
the base of the epithelium, and is believed to be connected with a fibril. 
These cells have accordingly been termed olfactory cells. 2. Long colum- 
nar epithelium cells (a), with comparatively broad cylindrical nucleated 
cell-bodies placed next the free surface, and long, forked, and branching 
tail-like processes extending down to the corium. These are usually 
regarded not as sensory epithelium-cells, but merely as serving to support 
the proper olfactory cells; but, according to Exner, they are also con- 
nected with the olfactory fibres, and there is no sharp distinction 
between them and the bipolar cells. 8. Tapering cells are present, at 
least in some animals, in the deeper part of the epithelium. They rest 
by their bases upon the corium, and project between the other cells, 
which they assist to support. 

The corium of the olfactory mucous membrane is also very thick 
(fig. 267). It contains numerous blood-vessels, bundles of the olfactory 
nerve-fibres (which are non-medullated), and a large number of serous 
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glands known as Bowman’s glands (6), which open upon the surface 
by fine ducts passing between the epithelium-cells, 
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Fic, 267.—SLO110N Ot OLFACTORY MUCOUS MEMBRANE. (Cadiat.) 
a epithelium, 0, glands of Bowman, c¢, nerve-bunc es 


STRUCTURE OF THE AUDITORY ORGAN. 


The external ear proper (pinna) is composed of elastic fibro-carti- 
lage, invested by a thin, closely adherent skin. The skin 1s covered by 
small hairs, and connected with these are the usual sebaceous follicles. 
In some parts—e.g. the lobule—there is a considerable amount of 
adipose tissue ; and voluntary muscular fibres are in places attached to 
the cartilage and may be seen in sections of the ear. 

The external auditory meatus is a canal formed partly of cartilage 
continuous with that of the pinna, partly of bone. It is lined by a 
prolongation of the skin and is closed by the membrana tympani, over 
which the skin is prolonged as a very thin layer. Near the orifice the 
skin has hairs and sebaceous glands, and the meatus is also provided 
throughout the cartilaginous part with small convoluted tubular glands 
of a brownish-yellow colour, which yield a waxy secretion (ceruminous 
glands). They appear to represent modified sweat-glands. 

The tympanum is lined by a mucous membrane which is continuous 
through the Eustachian tube with the mucous membrane of the 
pharynx ; it is also prolonged into the mastoid cells. The epithelium 
is columnar and ciliated in some parts, but in others—e.g. roof, promon- 
tory, ossicles, and membrana tympani—it is a pavement-epithelium, 

The membrana tympani is a thin membrane formed of fibrous 
bundles which radiate from the umbo. Within the radial fibres are a 
few annular bundles. Covering the fibrous membrane externally is a thin 
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layer continuous with the skin of the meatus; covering it internally is 
another thin layer, derived ‘from the mucous membrane of the tympanic 
cavity. Blood-vessels and lymphatics are distributed to the membrane 
chiefly in the cutaneous and mucous layers. 

The Eustachian tube is the canal leading from the tympanum to 
the pharynx. It is formed of bone near the tympanum, but below, 





Fic, 268.—SrcrioN ACROSS THE CARTILAGINOUS PART OF TILE EUSTACHIAN TUBE. 


1, 2, bent cartilaginous plate ; 3, musc. dilatator tubm ; to the left of 4, part of the attachment 
of the levator palati muscle: 5, tissue uniting the tube to the base of the skull; 6 and 7, 
mucous glands; 8, 10, fat; 9 to 11, lumen of the tube; 12, connective tissue on the lateral 
aspect of the tube. 


near the pharynx, it is bounded partly by a bent piece of cartilage 
(fig. 268, 1, 2), partly by fibrous tissue. The latter contains numerous 
mucous glands (6, 7), which open into the tube, and on the outer side 
a band of muscular tissue (3) which joins the tensor palati. The epithe- 
lium is ciliated. 
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LESSON XLII. 
STRUCTURE OF THE LABYRINTH. 


1. SEoTIons across one of the membranous semicircular canals of a fisli 
(skate). 


2. Longitudinal sections through the ampulla of a semicircular canal 


(skate). 


8. Vertical sections through the muddle of the cochlea of a mammal. 

The cochlea is put quite fresh into 0°% per cent. chromic acid containing 
a few drops of 1 per cent. osmic acid. When decalcified, it is well washed. 
and then placed in spirit for a day or more. 

In preparing sections of the above three preparatio: 3 it is advisable, in 
order that the epithelium should be kept in position, to mount them by the 
creosote-shellac process. They may previously be stained in bulk either by 
alcoholic magenta or borax-carmine. 


4. Teased preparations of the auditory epithelium of an ampulla or of the 
macula of the utricle, from the fish. 


5. Teased preparations of the epithelium of the organ of Corti from thc 
guinea-pig. 

Both 4 and 5 are made from osniic preparations. 

Make sketches from all those preparations under the high power. 


The labyrinth, which is the essential part of the auditory organ, 
consists of a complex membranous tube lined by epithelium and filled 
with endolymph, contained within a bony tube—the osseous labyrinth 
—of corresponding complexity of shape (figs. 269, 270). The mem- 
branous labyrinth does not wholly fill the bony cavity; the rest of the 
space is occupied by perilymph. The membranous labyrinth (fig. 269) 
is composed of the wtricle (u), and the three semicircular canals, each 
with an enlargement or ampulla which opens into it, the saccule (s) 
and the canal of the cochlea (c. c.) 

The branches of the auditory nerve pass to certain parts only of 
the membranous labyrinth, viz.: the macule of the utricle and 
aaccule; the cristz of the ampullw, and along the whole length of the 
canal of the cochlea (the shaded parts in fig. 269). 
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At these places the lining epithelium is specially modified to form 
& sensory or nerve-epithelium; elsewhere it is a simple pavement- 
epithelium. 





Fic. 270.—View OF THE INTERIOR OF 


oy N td ¢ , 
Fic. 269.—PLAN OF THE RIGHT MEM- THE LEFT OsShOUS LABYRINTH. + 


HRANOUS LABYRINTH VIEWED FROVW 


THK MESIAL ASPECT. 2! The bony wall of the labyrinth is removed 
A ° T 


superiorly and externally. 1, fovea hemi- 
elliptica ; 2, foveu henispherica ; 3, comnion 
u, utricle, with its macula and the three opening of the superior and posterior semi- 


semicircular canals with their ampulla: cfireular canals; 4, opening of the aqueduct 
&, Baccule ; aq. v, aqueductus vestibulis se, of the vestibnic: 6, the superior, 6, the 
saccus endolymphaticus: ¢.7. canalis re- posterior, and 7, the external semicircular 
uniens; ¢.c. canal of the cochlea. ennals; 8, spiral tube of the cochlea; 9, 


scula tympani; 10, scala vestibull. 


The membranous semicircular canals and the utricle and saccule 
are composed of fibrous tissue, which is adherent along one side to the 
endosteum of the bony canal; from the opposite side bands of fibrous 
tissue pass across the perilymph. Within the fibrous membrane is a 
thick clear tunica propria, which, in the semicircular canals, forms 
papillary elevations in the interior of the tube (figs. 271, 272). 

The places of entrance of the nerve-fibres into the ampulle are 
marked by a transverse, inwardly projecting ridge (crista), in the 
saccule and utricle by a thickening of the tunica propria (macula). 
The epithelium at these places is formed of columnar cells (fig. 273), 
which are surmounted by long, stiff, tapering hairs (audztory hatrs, 
fig. 278, h), and to these hair-cells the axis-cylinders of the nerve-fibres 
pass directly (fig. 274); they are therefore—like the rod- and cone- 
elements of the retina, the bipolar cells of the olfactory membrane, and 
the gustatory cells of the taste-buds—sensory or neural epithelium-cells. 
Between them are a number of thin and somewhat rigid nucleated 
cells (fibre-cells of Retzius, fig. 274, f), which rest upon the basement- 
membrane, and are connected at their free extremity with a cuticular 
membrane, through which the auditory hairs project. 

The auditory hairs do not project free into the endolymph, but 
into a soft mucus-like substance, of a dome-like form, in the ampulle 
(fig. 278), and which in the sacctle and utricle has a mass of calcareous 
particles (otoliths) embedded in it. 
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116, 271.—Smcrion Ol ONF OF THE HUMAN SFWICIRCLEAR CANALS (Magnified.) 


1, osseous wall 2 fibrous bands with included blood vessels umted at 3 with the periosteum 
4, mcmbranous canal with its three layers 65 short fibrous bands (with intervening 
spaces) uniting the membranous canal firmly to the yeriosteum 6 umni0n of its outermost 
layer with the periosteum 





Fic, 272 —SEcTION OF MFMBRANOUS BEMICIROLLAR CANAI (Much magnified.) 
1, outer fibrous laver , 3, tunica propria , 8, 6, a peat projections with epithelial covering, 


b, fixed side of the canal, with very thin tunica propria without papille, 7, fibrous bands 


passing to periosteum, 
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Fig, 278.—LONGITUDINAL SECTION OF AN AMPULLA THROUGH THE CRISTA ACUSTICA. 


amp, cavity of the ampuila; sc.c, semicircular canal opening out of it; c, connective tissue 
attached to the wall of the membranous ampulla and traversing the perilymph; e, e, flattened 
epithelium of ampulla; h, auditory hairs projecting from the columnar cells of theauditory 
epithelium into the cupula, cup. term. ; v, blood-vessels ; , nerve-fibres entering the base of 
the crista and passing into the columnar cells, 





Fic, 274.—Aub?rorY EPITHELIUM FROM THK MACULA ACUSTICA OF THE 
OF AN ALLIGATOR. (Highly magnified.) 


c,e, columnar hair-cells ; 7,7, fibre-cella ; n, nerve-fibre, losing its medullary sheath and passing 
te terminate in the aun auditory cells ; A, auditory hair; 7/, base of auditory balra, 
split up inte fibrils, 
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The cochlea consists of a bony tube coiled spirally around an axis, 
which is known as the columella (fig. 275). The tube is divided 
longitudinally by a partition which is formed partly by a projecting 





Fic. 276.—VERUCAL SFCLION OF THE FIRST TURN OF THE HUMAN COCHLEA. 
(Retatus, ) 


sv. scoala vestibuli; sf. scala tympani; DC. canal of the cochlen; sp7 spiral lamina, 5 
nerve-fibres , 7 sp. spiral ligament; s/7.e stra vasoularis, 4 sp, spiral groove , #, section o 
Reissner’s membrane; 7, limbus lamine spiralis; 4¢¢ membrana tectoria, ¢ C. tunnel of 
Cort: , bm basilar membrane, Aw, 4 ¢., internal and external haii-cells, 


lamina of bone (spiral lamina), partly by a flat membrane (basilar 
membrane), into two parts or scale; the upper (supposing the cochlea 
wartime heaa dnwnwards) being termed the scala vestibuli (fig. 276, 8.v.) 
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the lower the scala tympani (s.¢.); the latter is closed at its larger 
end by the membrane of the fenestra rotunda. The scale are lined by 
endosteum, and are filled with perilyrph, continuous with that of the 
rest of the osseous labyrinth at the commencement of the scala vestibuli; 
they communicate at the apex by a small opening, the helicotrema. 

The scala vestibuli does not occupy the whole of that part of the 
bony tube of the cochlea which is above the partition. Its outer third 
is cut off by a delicate connective-tissue membrane (membrane of 
Reissner, fig. 276, 2), which springs from near the end of the 
spiral lamina, and passes upwards and outwards to the outer wall, thus 
separating a canal (D C) triangular in section, which is lined by epithe- 
lium, and represents the membranous labyrinth of the cochlea (canal 
of the cochlea). 

Canal of the cochlea. The floor of the canal of the cochlea is 
formed (1) of the extremity of the spiral lamina, which is thickened 
above by a peculiar kind of connective tissue, forming an overhanging 
projection known as the limbus (fig. 276, 1); (2) of the basilar mem- 
brane (b.m.), which stretches across from the end of the bony lamina 
to the outer wall, and is attached to this by a projection of reticular 
connective tissue termed the spiral ligament (1.sp.) 

The basilar membrane is composed of stiff, straight fibres, which 
extend from within out, and themselves rest on a homogeneous stratum. 
It is covered below by a layer of connective tissue continuous with the 
endosteum of the scala tympani ; above the modified epithelium which 
forms the oryan of Corti rests upon it. It becomes gradually broader 
in the upper turns of the cochlea (rather more than twice as broad in 
the uppermost as in the lowermost turn), and its constituent fibres 
become therefore gradually longer. 

The organ of Corti consists of the following structures : 

1. The rods of Corti, two series (inner and outer) of stiff, striated 
fibres of a peculiar shape, the inner rods somewhat like a human ulna, 
the outer like a swan’s head and neck (fig. 277). They rest by one ex- 
tremity (the foot) on the basilar membrane a short distance apart, and 





Fic. 277.—A PAIR OF RODS OF CoRrI, FROM THE RABBIT's COCHLEA, IN SIDE 
view. (Highly magnified.) 


b, b, basilar membrane; i.r. inner rod; ¢.”, outer rod. Tho nucleated protoplasmic masees at 
the teet are alsy shown, 


are inclined towards one another, their larger ends (heads) being jointed 
together ; the series of rods thus enclose a sort of tunnel, the floor of 
which is formed by a part of the basilar membrane. Close to their 
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feet may usually be seen the remainder of the cells from which they 
have been formed. The inner rods are narrower and rather more 
numerous than the outer. Each outer rod has a process which extends 
outwards and is known as the phalangeal process. This forms part 
of — 

2. A reticular lamina (fig. 279, L.7r.), which is a cuticular structure 
extending like a wire-net over the outer epithelium-cells of the organ 
of Corti, and is composed of two or three series of stiff fiddle-shaped 
rings (phalanges) cemented together in such & manner as to leave 
square or oblong apertures through which the hair-cells (see below) 
project. 

8. The outer hatr-cells placed external to the rods of Corti. These 
are epithelium-cells of columnar shape, arranged in three or four series 
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Fig. 278.—S2 TioN OF TAF ORGAN OF CoRIL OF LHL DOG, 899 


a, a’, end of spiral lamina, 4, c, middle (homogencous) layer of the basilar membrane, ” ve+ 
tibular (striated) layer, 1, tympanal (connective-tissue) layer, d, blood-vessel , 7, nerves 
in apiral lamina; g, epithchum of spiral groove , k, nerve-fibres pasang towards miner hair- 
cells, ¢, &; 7, anditory hairlets on faner hair-cells , J, i’, lamina reticulans, m, heads of the 
rods of Corti, jointed together , n, base of inner rods, 0, hase of outer rod, p, y, 7, outer 
hair-cells , ¢, lower ends of hair-cclls , w, nerve-fibrils passing across the tunnel of Corti, 
z, cells of Deters. 


(fig. 278, p, g, 7). The free extremity of the cell is surmounted by a 
bundle of short auditory hairs, and projects through one of the 
apertures in the reticular lamina, the fixed extremity is prolonged 
into a stiff cuticular process (fig. 280, pf), which is attached to the 
basilar membrane. Between them are other supporting cells which 
are tapered in the same manner, resting by their larger end upon the 
basilar membrane, and prolonged above into a cuticular process which 
is attached to the reticular lamina (cells of Deiters, fig. 278, z). They 
are said by Waldeyer to be sometimes united with the outer hair-cells, 
so as to form double cells. 

4. The inner hair-cells (fig. 278, 1), placed internal to the rods of 
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Fra 279, — Srur-praGRAM- 


~~ 


MATIC VIFW OF PART OF 
1HF BASILAR MEMBRANF 
AND TUNNEY OF CoRTI OF 
\H¥ RABBIS, FROM ABOVE 
AND THF SIDr (Much 
magnified ) 


limbus, (r extremity or crest 
of limbus with tooth like pro- 
jections , 6 basilar membrane, 
wi spiral lamina with, pg, 
perforations for transmission of 
nerve hbres In part of the 
spiral lamina here represented 
the nerve fibres are left, and are 
supposed to be seen through the 
upper layer of that lamina, con- 
verging to thice of the perfora 

tions , tothe right, in the section 
of the lamina they are shown 
occupying acanal, or cleft 1n the 
osseous substance, +7 fifteen 
of the inner rods of Corti, A: 

their flattened heads seen from 
above, ¢7 nine outer rods of 
Corti Ae their heads, with 
the phalangeal processes ex 

tending outward from them and 
forming, with the two rows of 
phalanges, the lamina reticu- 
Jara, ¢7 On the left of the 
figure the connective tissue 
fibres and nuclei of the under- 
most layer of the basilar mem- 
brane are seen through the 
upper layers Portions of the 
bisilar processes of the outer 
hair-cells remain attached here 
und there to the membrane at 
this part, 


Fic 280.— AN OUTER HAIR CELT IN CONNECLION WITH LES BASID AR 
rRocFss. Krom the guinea-pig (Highly magmitied.) 


kh, one or two hairlets which have remained attached to the cell , b, bulged 
lower end of cell, p, balar process protoplasmic above, but becoming 
cuticular below and shzhtly expand dat the extremity, 7, which 13 broken 


away from the basilar membrane 
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Corti. They form a single series of columnar cells surmounted by 
auditory hairs, lying in close apposition to the inner rods. 

The rest of the epithelium-cells have no important characteristics. 
They are long and columnar next the outer hair-cells, but soon diminish 
in size, becoming cubical, and in this form they are continued over 
the outer wall of the cochlear canal. Here they cover a very vascular 
membrane (siria vascularis, fig. 276, str), which is frequently pigmented ; 
its capillary blood-vessels may even penetrate between the epithelium- 
cells. Internal to the inner hair-cells the epithelium also soon becomes 
cubical; it is prolonged in this form over the limbus of the spiral 
lamina. The epithelium of Reissner’s membrane is of the pavement 
variety. 

The membrana tectoria (fig. 276, MM.t.) is a soft, fibrillated 
structure, which is attached along the upper surface of the limbus, and 
lies like a pad over the organ of Corti. It thins out towards the 
distal margin, here becoming somewhat reticular, and, according to 
Retzius, attached to the lamina reticularis. In sections it usually 
appears raised a short distance above the auditory hairs, but it is 
possible that it may rest upon them during life. 





Fig. 281.—GEXERAL VIEW Ol THE MODE OF DISPRIBULION OF THE COCHLEAR NERVE, 
ALL THE OTHER PARES HAVING BEEN REMOVLD. 


The fibres of the cochlear branch of the auditory nerve enter the 
base of the columella, and run in canals through its substance, being 
gradually deflected outwards as they pass upwards into the spiral 
lamina, at the base of which they swell out into a ganglionic cord 
(spiral ganglion). 

After traversing the spiral lamina they emerge in bundles, and the 
fibres then, having lost their medullary sheath, pass into the epithe- 
liam of the inner hair-cell region. Here some of them are connected 
directly with the inner hair-cells, whilst others pass in the form of 
delicate fibrils across the tunnel of Corti, to become connected with 


the outer hair-cells (fig. 278). 


APPENDIX. 


General Mothods of Preserving and Hardening Tissues and Organs.'—The 
fluids which are most commonly used are alcohol, chromic acid solution 
(1 in 500), picric acid solution (saturated), bichromate of potash solution 
‘(2 per cent.), Miiller’s fluid (bichromate of potash 2} parts; sulphate of soda 
1 part; water 100 parts), and bichromate of ammonia (2 per cent.) The 
following are the methods of hardening the several tissues and organs which 
are found to give the best general results :— 


Tissue or Organ Hardening Fluid 


Bladder .. : ; : . Chromic acid. 
Blood-vessels . ; : . Alcohol, or bichromate of potash. 


Brain : . . . Bichromate of ammonia. 
Elastic ligament . . « Bichromate of potash. 
Embryos . - «+. Chromic acid or picric acid. 
Hye . »~ «+ + «+ Miiller’s fluid. 


Eyelids . . . . . Alcohol, 


Ganglia ; ; : . Picric acid. 

Heart : ‘ F ; . Alcohol, or bichromate of potash. 
Injected organs ; ‘ . Alcohol. 

Intestine . ; ; z . Distend with chromic acid. 
Kidney . . « , . Bichromate of potash. 


Lachrymal gland . .  . Alcohol. 

Larynx . . . ~~ Chromic acid. 

Liver ~ «  «  .  . Bichromate of potash. 
Lung ~- «+  »«  «  « Distend with chromic acid. 
Mammary gland . .  . Alcohol. 

Marrow of bone ~ »« .« Alcohol. 

Muscular tissue, striated . . Bichromate of potash. 


™ non-striated . Chromic acid. 
Nerve ; ‘ ; ° . Pieric acid. 
(Esophagus. : , . Distend with chromic acid. 


Ovary . .  «. «© Chromic acid. 
Pancreas . ; : : . Alcohol. 
Retina. : : , . Miiller’s fluid. 


Salivary glands. . ‘ . Alcohol. 
Sclerotic and cornea. . Alcohol, or Miller’s fluid. 
Skin . , ‘ : , » Alcohol. 


! Methods of preparation required for special purposes are given in the Lessons. 
R 
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Tissue or Organ Hardening Fluid 


Spinal cord : .  » Bichromate of ammonia. 

Splen . . . ~~ « Bichromate of potash. 

Stomach . ‘ ; . . Distend with chromic acid or with 
alcohol, 

Suprarenal capsule . ; . Alcohol. 

Tendon and ligament : » Alcohol. 

Testis ‘ ‘ : ‘ . Alcohol. : 

Thymus gland. ° . ; . Alcohol. 

Thyroid gland . i. x - Alcohol. 

Tongue . . : ‘ . Bichromate of potash. 

Tonsils . ‘ : : . Alcohol. 

Trachea . ; ‘ : » Chromic acid. 

Ureter . ; ‘ , . Chromic acid. 

Uterus. , : é . Chromic acid, 


Tissues to be hardened in alcohol may either be placed at once in strong 
spirit (90 per cent. alcohol), or the hardening may be effected gradually, the 
tissue being placed first in weak spirit (50 per cent.) for twenty-four hours, 
then in somewhat stronger, and finally in strong spirit or absolute alcohol. 
They are ready for cutting after having been twenty-four hours in strong 
spirit. 

: For tissues that arc to be hardened in 2 per cent. chromic acid, an immer- 
sion of from 7 to 14 days is generally necessary; they nay then be washed 
with water, and placed in alcohol for preservation and to complete the pro- 
cess of hardening. 

Organs placed in bichromate of potash or Miiller’s fluid are ready for 
sections in a fortnight or three weeks; they may, however, be left for a much 
longer time in those fluids without deterioration. With picric acid the 
hardening process is generally complete in two or three days; the organs 
should then be washed for some hours under a tap and transferred to spirit. 

The hardening of the brain and spinal cord in bichromate of ammonia 
takes three or four weeks. These organs should not be left too long in the 
solution, since they are apt to become brittle, but sections should be prepared 
from them as soon as ready. 

In no case should the pieces of tissue to be hardened be too thick for the 
fluid readily to penetrate to every part. 

Embedding of Hardened Tissues, and Preparation of Sections.—Sections are 
most advantageously made with some form of microtome. It is generally 
needful to support the hardened tissue whilst it is being cut, and with this 
object it is embedded in some fatty or other substance which is applied to it 
in the fluid condition and becomes solid on standing. The embedding sub- 
stance can either simply enclose the tissue, or the tissue may be soaked in 
it: the latter method is the one most commonly employed. 

The embedding substance chiefly used is paraffin. 

Embedding in paraffin.—Before being soaked in melted paraffin, the 
piece of tissue is stained with borax-carmine or hematoxylin, dehydrated by 
absolute alcohol, and is then soaked in turpentine. From turpentine it is 
transferred to melted paraffin, which should not be too hot, and soaked in this 
for an hour or more, according to thickness. It is then placed in any desired 
position in a paper tray or on the microtome and surrounded by melted 
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paratiin. When cold, thin sections can be cut, the paraffin dissolved out by 
turpentine, and the sections mounted. 

Preparation of frozen sections.—The bichromate solutions are the best 
fluids to use for preserving tissues which are to be frozen in place of being 
embedded. The tissue in such cases should not be put into alcohol, but 
merely requires to be dipped in strong gum before being placed upon the 
freezing microtome. Portions of the central nervous system need to be 
soaked in gum to which a little syrup has been added. 

Staining and mounting of sections.—The fluids most commonly employed 
for the staining of sections are :—-1. A dilute watery solution of hematoxylin 
and alum; 2. A solution of carmine; 8. A solution of picro-carminate of am- 
monia. The time of immersion in the staining fluid varies according to the 
strength of the fluid and the mode by which the tissue has been hardened. 
The necessity of staining sections may be avoided if the piece of tissue is 
stained in bulk before embedding. For this purpose a carmine solution is 
mostly used, on account of its penetrative power, that known as borax-carmine 
being the best. The tissue must be left in it for twenty-four hours or more, 
and then placed in acidulated alcohol. An alcoholic solution of magenta can 
be used for staining in bulk; from this the tissue goes intoa small quantity 
ef oil of cloves or into turpentino, and, after being soaked with this, into the 
melted paraffin. 

If the tissues have not been stained in bulk, the following is tho order of 
transference of the sections (they are supposed, if cut from paraffin, to have 
been freed from this by immersion in turpentine) :— 


1. From turpentine to absolute aleohol (5 minutes). 

2. From alcohol to distilled water (4 minute). 

8. From distilled water to hematoxylin or carmine (5 minutes or more). 
4, From hematoxylin to distilled water ($ minute). 

5. From distilled water to alcohol (2 or 3 minutes). 

6. From alcohol to oil of cloves (1 minute). 

7. From oil of cloves to Canada balsam. 


If the tissues have already been stained in bulk, the sections are simply 
mounted in Canada balsam after the paraffin used for embedding has been 
dissolved away from them in turpentine. 

Creosote-shellac method of mounting.—Friable sections, such as sections 
of small embryos, and ribands of sections such as are cut with many muicro- 
tomes, are mounted in the following way :—The slide is smeared with a solu- 
tion of shellac in creosote, the sections are placed in this and warmed so as to 
melt their paraffin. They are thus fixed by the shellac, and the slide can be 
immersed in turpentine to remove the paraffin, and the sections then covered 
in Canada balsam. For this method the tissue should always have been pre- 
viously stained in bulk. 

Solutions employed for Staining :—1. Solution of hamatoxylin wm water.— 
Rub together in a mortar 10 grammes of powdered alum and 5 grammes of 
extract of hematoxylin with 25 cubic centimeters of 70 per cent. alcohol, 
gradually adding 100 cubic centimeters of distilled water. Decant into a 
bottle and add a drop or two of ammonia. Let the mixture stand a few 
days, occasionally shaking it. For staining, add two or three drops to a 
watch-glass full of distilled water, and filter if necessary. 

2. Grenacher's hamatorylin—To 150 cubic centimeters of a saturated 
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solution of alum in water, add 4 cubic centimeters of saturated solution of 
hematoxylin in alcohol. Let the mixture stand 8 days, then decant, and 
add 25 cubic centimeters of glycerine, and 25 cubic centimeters of methylic 
alechol. 

8. Klewmenberg's hematocylin.—This serves better for staining in bulk. 
Saturate 70 per cent. alcohal fires with calcium chloride and then with alum, 
and after filtration add six to eight volumes of 70 per cent. alcohol. 

Take a freshly prepared saturated solution of hematoxylin in absolute 
alcohol, and add it drop by drop to the above mixture until it is of a distinct 
purplish colour. 

This solution improves on keeping. It may if necessary be diluted with 
more of the mixture. 

When hematoxylin solutions become red instead of blue, a trace of 
ammonia will restore the requisite colour. 

4. Carminate of ammonia.—Prepared by dissolving carmine in ammonia 
and allowing the excess of ammonia to escape by slow evaporation. The 
salt should be allowed to dry and be dissolved in water as required. 

5. Prcro-carmunate of ammoma (prcro-carmine).—To a saturated solution 
of picricacid add a strong ammoniacal solution of carmine, until a precipitate 
- begins to form. Evaporate on the water-bath to }th; filter from the sedi- 
ment and evaporate the filtrate to dryness. Make a 5 per cent. solution of 
the residue, diluting further as required. 

6. Boraz-carmine.—a. Dissolve 4 grammes borax and 8 grammes 
carmine in 100 cubic centimeters of warm water. Add 100 cubic centimeters 
of 70 per cent. alcohol, filter and let stand. This solut. n improves on keep- 
ing. It is useful for staining in bulk. 

8. Boil 0°5 gramme carmine and 1 gramme borax in 100 cubic centi- 
meters water. Filter and add acetic acid drop by drop until the original 
violet colour becomes crimson; then filter once more, This solution is used 
for staining sections. 

After staining with borax-carmine, the tissue should in all cases be placed 
in 70 per cent. alcohol containing 5 drops of hydrochloric acid to 100 cubic 
centimeters. 

7. Magenta.—This may be kept in solution in alcohol (0°5 to 1 per cent.) 
For fresh tissues and for sections to be mounted in glycerine, an excellent 
staining fluid is obtained by adding one or two drops to a watch-glass of water. 
For sections to be mounted in Canada balsam a solution in oil of cloves is 
used. This is best made by adding a drop of the alcoholic solution to a little 
oil of cloves in a watch-glass: the sections after being stained are washed 
in spirit of turpentine. 

8. Gentian viclet.— Mix 20 cubic centimeters water with 10 cubic centi- 
meters alcohol and 10 cubic centimeters glycerine, and add to the mixture 
10 drops of a 1 per cent. solution of gentian violet in alcohol and 10 drops 
of a 25 per cent. solution of formic acid in water. 

This solution gives excellent results with fresh tissues, especially with 
epithelium. 

9. Safranin.—A saturated alcoholic solution is used for staining cell- 
nuclei. The tissue elements havimg been fixed by dilute chromic acid or by 
alcohol, small shreds or thin sections are placed for 12 to 24 hours in a little 
of the solution, mixed with half its bulk of water. The shreds ara rinsed in 
absolute alcohol (which must contain no trace of free acid) until the colour is 
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washed out from everything except the nuclei; they are then at once trans- 
ferred to turpentine, and from this are mounted in Canada balsam. 

10. Antline blue-black.—Dissolve 1 gramme of aniline blue-black in a 
mixture of 80 parts of water with 20 of alcohol. This serves for staining the 
central nervous system either in bulk or in sections. 

11. Staining with chloride of gola.—a. Cohnheim's method.—Place the 
fresh tissue for from 80 to 60 minutes in $ per cont. solution of chloride of 
gold; then wash and transfer toa large quantity of water just acidulated 
with acetic acid. Keep for 2 or 3 days in the light in a warm place. 

B. Léwit’s method.—Place small pieces of, the fresh tissue in a mixture 
of 1 part of formic acid to 2 to 4 parts of water for 4 to 1 minute; then in 
1 per cent. chloride of gold solution for 10 to 15 minutes; then back again into 
the formic acid mixture for 24 hours and then into pure formic acid for 24 
hours more. After removal from the gold, and whilst in the acid, the tissue 
must be kept in the dark. 

y- Ranvier’s method.—Immerse in lemon-juice for 5 to 10 minutes, thon 
wash with water and place in 1 per cent. gold chloride solution for 20 minutes. 
Then treat either as in Cohnheim’s or in Liwit’s method. 

12. Staining with nitrate of silver.—Wash the fresh tissue with distilled 
water; immerse in } to 1 per cent. nitrate of silver solution for 5 to 10 
minutes; rinse with distilled water and expose to bright sunlight either in 
water, alcohol, or glycerine. 

Mounting Solutions :—1. Saline solution—A 0°6 per cent. solution of 
common salt is used in place of serum for mounting fresh tissues for imme- 
diate examination. 

2. A mixture of glycerine and water in equal parts. 

8. Farrant’s solution.—Take a mixture of equal parts of glycerine and 
saturated watery solution of arscnious acid, and stir gum arabic with it until a 
thick syrupy fluid is formed. ‘Filter. 

4, Canada balsam, from which the volatile oils have been driven off by 
heat, dissolved in benzole. 
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By J. A. Froupnr, M.A. With 2 Por- 
traits and 4 Illustrations, 2 vols, 8vo, 32s. 


CARLVLE’S LirFE IN Lonpon: from 
1834 to his death in 1881. By JAmgs A. 
Froupre, M.A. with Portrait engraved 
on steel. 2 vols, 8vo, 32s. 


REMINISCENCES. By THomMas Car- 
LYLE. Edited by J. A. FRoupg, M.A, 
2 vols. crown 8vo. 18s. 


LETTERS AND MEMORIALS OF JANE 
WetsH CARLYLE. Prepared for pub- 
lication by THOMAS CARLYLE, and edited 
by J. A. FRoupe, M.A, 3 vols. 8vo. 36s. 


CATES. — A JDucrionaRY OF 
GENERAL BloGRAPHY. By W. lL. R. 
CATES. 8vo, 285. 


CHESNEY.— /Varerzoo Lecrurss ; 
a Study of the Campaign of 1815, By 
Col. C. C. CHESNEY, R.E. 8vo, ros. 6d, 


CHRIST OUR IDEAL, an Argu- 
ment from Analogy. By the Author of 
‘The Gospel for the Nineteenth Century 
8vo. 8s, 6d. 


CICERO.— 7x2 CorrFsPONDENCE oF 
CicERo: arevised Text, with Notes and 
Prolegomena.—Vol. I., The Letters to 
the end of Cicero’s Exile. By Ropert 
Y. Tyrren.i, M.A., Fellow of Trinity 
College, Dublin, 125, 


COATS.—A Manuva or PATHOLOGY. 
By JosKpH Coats, M.D. Pathologist 
to the Western Infirmary and the Sick 
Children’s Hospital, Glasgow ; formerly 
Pathologist to the Royal Infirmary, and 
President of the Pathological and Clinical 
Society of Glasgow. With 339 Itustra- 
tions engraved on Wood, 8vo, 315. 6d, 


COLENSO.—Zwe PENTATEUCH AND 
Book oF YosHuaA CRITICALLY Ex 
AMINED, By i. W. CoLenso, D.D., 
laté Bishop of Natal. Crown-8vo. 6s, 
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CONDER.—A Hanps00K To THE 
Brs_ze, or Guide to the Study of the Holy 
Scriptures derived from Ancient Monu- 
ments and Modern Exploration, By F. 
R. ConpER, and Lieut, C. R. CONDER, 
RE. Post 8vo. 7s. 62. 


CONINGTON. — Iorxs sy Joun 


ConincToN, M.A. 


THE AENEID OF Vircit,  Trans- 
lated into English Verse. Crown 8vo. gs, 


THE PoEMS oF Virciz. Translated 
into English Prose, Crown 8vo. 95. 


CONTANSEAU.— Worcs sy Pro- 


FESSOR LEON CONTANSEAU. 


A PRACTICAL DICTIONARY OF THE 
FRENCH AND ENGLISH LANGUAGES. 
Post 8vo. 3s. 61. 


4A Pocker DICTIONARY OF THE 
FRENCH AND ENGLISH LANGUAGES; 
being a careful Abridgment of the Author’s 
‘Practical French and English Dictionary,’ 
Square 18mo, Is. 6:. 


CONYBEARE & HOWSON.— Zvz 
LIFE AND EPIsTLis OF St. PAUL. 
By the Rev. W. J. CONYREARR, M.A., 
and the Very Kev. J. 5. Howson, D.D. 
Dean of Chester. 

Library Edition, with all the Original 
Illustrations, Maps, Landscapes on Steel, 
Woodcuts, &c. 2 vols. 4to. 425, 

Intermediate Edition, with a Selection of 
Maps, Plates, and Wood-cuts, 2 vols, 
square crown 8vo. 215. 

Student’s Edition, revised and condensed, 
with 46 Illustrations and Maps, 1 vol, 
crown 8vo, 75. 6d, 


COOKE. — Z4szzrs or Awatomy 
AND PHYSIOLOGY. By THOMAS COOKE, 
F.R.C.S, Being a Synopsis of Demon- 
strations given in the Westminster Hos- 
pital Medical School, A.p, 1871-1875. 
Anatomy, complete, Second Edition, 
gto. 155. Physiology, complete, Second 
Edition, gto. Ios. 

** These TABLETS may still be had in 
separate Fasciculi as originally published, 


COX.—4 Gewerat Hisrory or 
GREECE: from the Earliest Period to the 
Death of Alexandcr the Great; with a 
Sketch of the Subsequent History to the 
Present Time. By the Rev. Sir G. W. 
Cox, Bart. M.A. With 11 Maps and 
Plans. Crown 8vo. 7s. 6d. 


CRAWFORD.—A cross THE PAMPAS 


“AND THE ANDES. By ROBERT CRAwW- 
FoRD, M.A. With Map and 7 Iilustra- 
tlons, Crown 8vo. 7s. 64, 
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CREIGHTON. — Avsrory or ryz 
PAPACY DURING THE REFORMATION, 
By the Rev. M, CREIGHTON, M.A. Vol. 
I. the Great Schism—the Council of 
Constance, 1378-1418. Vol. II, the 
Council of Basel—The Papal Restoration, 
1418-1464. 2 vols. 8vo. 325. 


CRESY.—Zwcyczorz“pia oF Crvin 
ENGINEERING, Historical, Theoretical, 
and Practical By EpwArp Cresy, 
With above 3,000 Woodcuts, 8vo. 255, 


CULLEY.—A4w0200Kk oF PRACTICAL 
TELEGRAPHY. By R. S. CUuLLey, 
M. Inst. C.E, Plates and Woodcuts, 
8vo. 165. 


DAVIDSON.—Aw J/yrropvuction To 
THR STUDY OF THE NEW TESTAMENT, 
Critical, Exegetical, and Theological. 
By the Rev. 8. DAvipson, D.D. LL.D. 
Revised Edition. 2 vols. 8vo. 30s. 


DEAD SHOT, The, or Sroxrs- 
MAN’S COMPLETE GUIDE ; a Treatise on 
the Use of the Gun, with Lessons in the 
Art of Shooting Game of all kinds, and 
Wild-Fowl, also Pigeon-Shooting, and 
Dog-Breakint, By MARKSMAN. With 
13 Illustratix f. Crown 8vo. 105, 64d, 


DECAISNE & LE MAOUT.— 4 
GENERAL SYSTEM OF BoTaNy. Trans 
lated from the French of E. LE Maout, 
M.D., and J. DECAISNE, by Mrs, 
HOOKER; with Additions by J. D. 
HOOKER, C.B. F.R.S. Imp, 8vo, with 
5,500 Woodcuts, 315. 62, 


DE TOCQUEVILLE.—Dzsocracy 
IN AMERICA, By ALEXIS DE TOocqueE- 
VILLE. Translated by H, REEVE. 2 vols. 
crown 8vo. 165. 


DEVAS.—Grovwpwork or Econo- 
mics. By C.S. DEVAS, 8vo, 16s, 


DEWES.— Ze Lire ano LeTrvers 
OF ST. Paul. By ALFRED Dewes, 
M.A. LL.D, D.D. Vicar of St. Augus- 
tine’s, Pendlebury. With 4 Maps, 8vo, 
75. Oa. 


DIXON.—Rvrac Bird Lire ; Essays 
on Ornithology, with Instructions for 
Preserving Objects relating to that 
Science. By CHARLES Dixon. With 
45 Woodcuts. Crown 8vo, 55. 


DOWNING.—Zzemenrs or Prac- 
TICAL CONSTRUCTION, for the Use of 
Students in Engineering and Architecture. 
By SAMUEL Downinc, LL.D. Parti. 
Structures in Direct Tension and Com- 
pression. With numerous Woodcuts 
and a Folio Atlas of 14 Plates. 8vo, 14s. 
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DICKINSON. — Diszaszes oF THE 
KIDNEY AND URINARY DERANGEMENTS. 
By W. Howsuip Dtcxinson, M.D. 
Cantab, F.R.C.P. &c, Physician to, and 
Lecturer on Medicine at, St. George’s 
Hospital. In Three Parts. Parr I.— 
Diabetes, with 3 Plates of Figures and 17 
Woodcuts, 8vo. price 105. 6¢, PART 
Il, — Albuminuria, with 11 Plates and 31 
Woodcuts, price 20s. 

*,* The Two Parts may be had sepa- 
rately, each an independent work : PART 
I.—Diabetes, price 12s. cloth, PART 
II.—Being the Second Edition Revised 
of Dr. DickINson’s ‘Pathology and 
Treatment of Albuminuria,’ price 215. 
cloth, Part III., completing the work, 
is in the Press, 


DOYLE.—7Zwe Enciisy In AMERICA; 
By] Maryland, and the Carolinas. 


BRANNON Ne x 


By J. A. DoyLe, Fellow of All Souls’ 
College, Oxford. 8vo. Map, 18s. 


DRESSER.—/4ran ; 17s ArcHirec- 
TURE, ART, AND ART MANUFACTURES. 
By CHRISTOPHER DRESSER, Ph.D. F.L.S. 
&c. With 202 Graphic Illustrations en- 
graved on Wood for the most part by 
Native Artists in Japan, the rest by G. 
Pearson, after Photographs and Drawings 
made on the spot. Square crown 8vo. 
315. 6d. 


EASTLAKE.—/7r'e Great Painr- 


ERS; Essays on Leonardo da Vinci, 
Michael Angelo, Titian, Raphael, Albert 
Diirer. By LADY EASTLAKE, 2 vols. 
Crown 8vo. 165. 


EASTLAKE,— Works sy C. L. EAST- 
LAKE, ERS. B.A. 


ffints ON HousFuioLp Tastk 1N 
FURNITURE, UPHOLSIERY, &c. With 
100 Illustrations. Square crown 8vo. 145. 

Nores on Forzicn PicrurE GAL- 
LERIES. Crown 8vo, 

The Louvre Gallery, Paris, with 114 Ilus- 
trations, 75. 6d. 

The Brera Gallery, JZ/an, with 55 Illustra- 
tions, 5s. 

The Old Pinaluthell, I/uaich, with 107 
Illustrations, 75. 6d, 


EDERSHEIM. — Zee Zire anv 
Times or Fesus THE Messiau. By 
the Rev, ALFRED EDERSHEIM, M.A. 
Oxon, D.D. Ph.D. Warburtonian Lec- 
turer at Lincoln's Inn. 2 vols. 8vo, 425. 


EDWARDS.—Ovr Séamarxs. B 
E, PRICE EDWARDS, 
Illustrations of Lighthouses, Lightsbips, 
Lighting Appliances, &c. engrave 
Wood by G, II, Ford, Crown 8vo, 85. 6d, 
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ELLICOTT.— Worxs ay C. F. 


£xL1c0TT, D.D., Bishop of Gloucester 
and Bristol. 


A CRITICAL AND GRAMMATICAL 
COMMENTARY ON ST, PAULUS EPISTLES. 
8vo, Galatians, 8s. 6¢. Ephesians, 
85, 6¢, Pastoral Epistles, 10s. 6d. Philip- 
pians, Colossians, and Philemon, 10s. 64. 
Thessalonians, 75. 6d. 


HitsToRicAL LECTURES ON THE LIFE 
OF OuR LorD FESUS CHRIST. 8vo. 125. 


EPOCHS OF ANCIENT HISTORY. 
Edited by the Rev. SirG. W. Cox, Bart. 
M.A. and C, Sanxery, M.A. 


Beesly’s Gracchi, Marius and Sulla, 2s. 6d. 
Capes’s Age of the Antonines, 25, 62. 
Early Roman Empire, 2s, 6d. 
Cox’s Athenian Empire, 25. 6d. 

Greeks and Persians, 2s. 6d. 
Curteis’> Macedonian Empire, 25. 6d. 
Ihne’s Rome to its Capture by the Gauls, 








2s. Od. 
Merivale’s Roman Triumvirates, 25. 6¢. 
Sankey’s Spartan and Theban Supremacies, 
2s. 6d. 
Smith’s Rome and Carthage, 25, 6d. 


EPOCHS OF MODERN HISTORY. 

Edited by C. CoLBEcK, M.A. 

Church’s Beginning of the Middle Ages, 
25. 6d. 

Cox’s Crusades, 25. 6d. 

Creighton’s Age of Elizabeth, 2s. 6d, 

Gaiidner’s Lancaster and York, 2s. 64’ 

Gardiner’s Puritan Revolution, 2s. 64, 

——-————- Thirty Years’ War, 25. 6d. 

——-———— (Mrs.) French Revolution, 25. 6a. 

Hale’s Fall of the Stuarts, 25. 6d. 

Johnson’s Normans in Europe, 25. 6a. 

Longman’s Frederick the Great, 25. 6d. 

Ludlow’s War of American Independence, 
25. 6d, 

M‘Carthy’s Epoch of Reform, 1830-1850, 
2s. 6d, 

Morris’s Age of Anne, 25, 60. 

Seebohm’s Protestant Revolution, 2s, 6d. 

Stubbs’ Early Plantagenets, 25. 6d. 

Warburton’s Edward ITI, 2s, 6¢. 


ERICHSEN.— Worxs ay Joun Eric 
ERICHSEN, £.R.S. 


THE SCIENCE AND ART OF SvuR- 
GERY: Being a Treatise on Surgical In- 
juries, Diseases, and Operations. Ilus- 
trated by Engravings on Wood. 2 vols 
8vo. 425, ; or bound in half-russia, 60s, 

On CONCUSSION OF THE SPINE, NER- 
vous SHOCKS, and other Obscure Injuries 
of the Nervous System in their Clinical 
and Medico-Legal Aspects, Crown 8vo. 
10s, 6d, 
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EVANS.—2 2 Bxonze IMPLEMENTS, 
ARMS, AND ORNAMENTS OF GREAT 
BrivaIn AND IRELAND. By JouN 
Evans, D.C.L. LL.D. F.R.S. With 
540 Illustrations. 8vo, 255. 


EWALD.—Worxs av Proressor 
Hzinricn Ewan, of Gottingen. 


THe AwnvioviTies oF JSRAEL, 
Translated from the German by H. S, 
SOLLY, M.A. 8vo. 125. 6d, 


Tut Hisrory oF ISRAEL. a abs 
lated from the German. Vols, I.-V. 8vo, 
635, Vol. VI. Christ and his Times, 8vo. 
16s. Vols, VII, and VIII. Zhe Apostolic 
Age, 8vo, 215, 


FAIRBAIRN.— Worxs sv Sir W. 


FAarRBAIRN, Bart, CL. 


A TREATISE ON MILLS AND MILL- 
WORK, with 18 Plates and 333 Woodcuts. 
1 vol, 8vo, 25.. 


Userut INFORMATION 1or ENGI- 
NeERS. With many Plates and Wood- 
cuts. 3 vols. crown 8vo. 315. 6d. 


FARRAR.—Laycuice awp Lan. 
GUAGES. A Revised Edition of Chapters 
on Language and Hamilies of Speech. By 
¥F. W Farrar, D.D. Crown 8vo. 65. 


FITZWYGRAM. — Horses wp 
STABLES, By Major-General Sir F. 
FiITtzwyGRaM, Bait. With 39 pages of 
Illustrations, 8vo. 10s, 6d. 


FOX.—Zwe Earzy Hisrory ob 
CHARLES FAMES FOX. By the Right 
Hon, G, 0. TREVELYAN, M.P, Library 
Edition, 8vo. 38s, Cabinet Edition, 
cr. 8vo, 65. 


FRANCIS.—4 Bvox on ANGLING ; 
or, Treatise on the Art of Fishing in every 
branch ; including full Illustrated Lists 
of Salmon Flies. By FRANCIS FRANCIS, 
Post 8vo. Portrait and Plates, 155, 


FREEMAN.— Works sy £. A, FREz- 
MAN, D.C.L. 


THE HistoRicAL GEOGRAPHY OF 
Europes, With 65 Maps. 2 vols, 8vo. 
315. 6d, 


SOME IMPRESSIONS OF THE UNITED 
STATES. Crown 8vo, 6s. 


FRENCH. — Wiwarcen CeNruRiEsS 
OF Drink tn ENGLAND, a [istory. 
RICHARD VALPY FRENCH, D.C.L. 
LL.D. F.S.A. 3 Author of ‘ The History 

of Toasting’ &c. Crown 8vo, 108, 64, 
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FROUDE.— Works sy james A 
Frouvk, M.A. 


Tuer History oF ENGLAND, from 
the Fall of Wolsey to the Defeat of the 
Spanish Armada, 

Cabinet Edition, 12 vols, cr. 8vo, £3. 128, 
Popular Edition, 12 vols. cr. 8vo, £2. 25, 

SHORT STUDIES ON GREAT SusB- 
¥ECTS. 4 vols. crown 8vo, 245, 

THE ENGLISH IN IRELAND IN THE 
EIGHTEENTH CENTURY, 3 Vols. crown 
8vo. 18s. 

TiomAS CARLYLE, a History of the 
first Forty Years of his Life, 1795 to 
1835. 2 vols. 8vo, 325. 

CArLYLE’S Lire 1n Lonvon: from 
1834 to his death in 1881, By JAMES A. 
Froupre, M.A. with Portrait engraved 
on steel. 2 vols, 8vo0. 325. 


GANOT.—Worxs sy PROFESSOR 
GANor. Translated by E, ATKINSON, 
Ph.D. F.C.S. 

ELEMENTARY TREATISE ON fIY- 
sics, for the use of Colleges and Schools, 
With 5 Coloured Plates and 898 Wood- 
cuts, a ow 8vo. 155. 

NATURAL FITILOSOPHY FOR GENE- 
RAL READERS AND YouNnG PERSONS. 
With 2 Plates and 471 Woodcuts. Crown 
8vo, 75. 6d, 


GARDINER.—Worxs ay SAMUEL 
RAWSON GARDINER, LLD. 


History oF £wGLanp, from the 
Accession of James I, to the Outbreak of 
the Civil War, 1603-1642, (Cabinet 
Edition, thoroughly revised. 10 vols, 
crown 8vo, price 6s. each. ; 

OurLine OF ENGLISH HsToRY, 
B.C. 55-A.D. 1880. With 96 Woodcuts, 
icp. 8vo, 25. 6d. 

* * For Professor Gardiner’s other 
Works, sce ‘Epochs of Modern History,’ 
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GARROD, ~— Works sy ALFRED 
BarinG GARROD, M.D. FR.S. 
A TREATISE ON Gout AND RHEU- 

AfvaTic GOUT, RHEUMATOID ARTHRITIS). 
With 6 Plates, comprising 21 Figures 
(14 Coloured), and 27 Illustrations en- 

graved on Wood. 8vo. 215. 

Tue ESssenTiaAts oF MATERIA 
MEDICA AND THERAPRUTICS. Revised 
and edited, under the supervision of the 
Author, by E. B. Baxter, M.D. F.B.C.P. 
‘Professor of Materia Medica and Thera- 
peutics in King’s College, London, 
Crown 8vo, 125, 61, 
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GOETHE.—/xvsr. Translated by 
T. E. Wexs, LL.D. Reg. Prof. of Laws 
and Public Orator in the Univ. of 
Dublin, 8vo. 125. 6d. 

Fausr. A New Translation, chiefly in 
Blank Verse ; with a complete Introduc- 
tion and Copious Notes. By JAMEs 
Apry Birps, B.A. F.G.S. Large 
crown 8vo. 125. 6d. 

Fausr, The German Text, with an 
English Introduction and Notes for Stu- 
dents. By ALBERT M. SELss, M.A, 
Ph.D. Crown 8vo. §s5. 


GOODEVE.— Worxs sy ZT. M. Goop- 
EVE, M.A. 
PRINCIPLES OF MECHANICS. With 
253 Woodcuts. Crown 8vo. 6s. 
Tuk ELEMENTS OF MECHANISN, 
With 342 Woodcuts. Crown 8vo., 65. 


GOSPEL FOR THE NINETEENTH 
CENTURY (The). 8vo. tos. 6d. 


GRANT.— Works av SiR ALEXANDER 
Grant, BART. LL.D. D.CL. oe. 
THE STORY OF THE UNIVERSITY OF 
EDINBURGH during its First Three Hun- 
dred Years. With numerous Illustrations. 
2 vols. 8vo. 365. 
Tue Eritics oF ARISTOTLE. The 
Greek Text illustrated by Essays and 
Notes. 2 vols. 8vo. 325, 


GRAY. — Awaroaty, Descrivrive 
AND SvukGicAL, By ITignry Gray, 
F.R.S. late Lecturer on Anatomy at St. 
George’s Hospital. With 557 large 
Woodcut Lllustrations ; those in the First 
Edition after Original Drawings by Dr. 
‘Carter, from Dissections made by the 
Author and Dr. Carter; the additional 
Drawings in the Second and subsequent 
Editions by Dr. Westmacott, and other 
Demonstrators of Anatomy. Re-edited 
by T. PicKERING Pick, Surgeon to St, 
Gcorge’s Hospital. Royal &vo. 30s. 


GREVILLE. — jJovrnat oF THE 
REIGNS OF KING GEORGE IV. AND KING 
WriruiAm IV. By the late C. C, F. 
GREVILLE, Edited by H. Rerve, C,B. 
3 vols. 8vo. 36s. 


GWILT.—4v £wevclopxvia oF 
ARCHITECTURE, Historical, Theoretical, 
and Practical. By Joszp1 GwWILt, F.S.A. 
Illustrated with more than 1,100 En- 
gravings on Wood by R. Branston from 
Drawings by J. 5. Gwilt. Revised, with 
Alterations and Considerable Additions, 
tby Wyatt PaPWwoRTH. Additionally 
illustrated with nearly 400 Wood En- 
gravings by O. JEwritT, and nearly 200 
ther Woodcuts, 8vo. 525. 6d. 


GROVE.—Z¥z CorRRELATION’ OF 
PuysicaL Forces. By the Hon. Sir 
W. R, Grove, F.R.S. be, 8vo. 155. 


HALLIWELL-PHILLIPPS, — Ov7- 
LINES OF THE LIFE OF SHAKESPEARE. 
By J, O. HALLIWELL-PHILL]PPS, F.R.S. 
Svo, 75. 6d. 


HAMILTON.—Zzrz or Sir Wiiziam 
Rk, Hamitron, Kt LL.D. D.C.L. 
M.R.I.A. &c. Including Selections from 
his Poems, Correspondence, and Miscel- 
goes Writings. By the Rev. R, P, 

RAVES, M.A, Vol. I. &vo, 155, 


HARTE.— Ow ve Fronrier. Three 
Stories. By BRET HARTE, r6mo. Is. 


HARTWIG.—Wores sv Dr G 
HARTWIG. 

THE SEA AND ITs Livine WonDERS 
8vo, with many Illustrations, ros. 6d. 
Tut TropicaL Worrip, With abou 

200 Illustrations. 8vo. 105, 64, 

THE ForaR Worzp; a Description 
of Man and Nature in the Arctic and 
Antarctic Regions of the Globe. Maps, 
Plates, and Woodcuts. 8vo. ros, 6d 

THE Arctic Recions (extracted from 
the § Polar World’). 4to, 6d. sewed. 

THe SUBTERRANEAN Worzip, With 
Maps and Woodcuts. 8vo. 10s. 6d. 

THe AgrriaL Worzv; a Popular 
Account of the Phenomena and Life of 
the Atmosphere. Map, Plates, Wood- 
cults. 8vo. 10s. 6d, 


HASSALL. — Worxs sy ARTHUR 
litt HASSALL, MD. 


Foon ; its Adulterations and the Me- 
thods for their Detection. Illustrated. 
Crown 8vo. 245. 


Sav Remo, climatically and medically 
considered, With 30 Illustrations, Crown 
8vo. 55. 


HAUGHTON. — Svv Zecrurés ov 
PHYSICAL GEOGRAPHY, delivered in 1876, 
with some Additions, By the Rev. SAMUEL 
HavuGutTon, F.R.S, M.D. D.C.L. With 
23 Diagrams. 8vo. I5s, 


HAVELOCK, — Memoirs oF Sir 
HENRY HAVELOCK, K.C.B. By JOHN 
CLARK MARSHMAN, Crown 8vo. 35, 6d. 


HAWARD.—A TZrearisE on Or- 
THOPHDIC SURGERY. By J. WARRING- 
TON HAWARD, F.R.C.S, Surgeon to St. 
George’s Hospital, “With 30 Illustrations 
engraved on Wood, 8vo, 125, 6d. 
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HELMHOLTZ.—forvucar Lecrores 
On SCIENTIFIC SUBYECTS. By Professor 
HetmyHorrz. Translated and edited by 
EpMunp ATKINSON, Ph.D. F.C.S. 
With a Preface by Professor TYNDALL, 
F.R.S. and 68 Woodcuts. 2 vols, 
Crown 8vo, 155, or separately, 75. 6a. each, 


HERSCHEL.—Ourzives or Asrxo- 
nomy. By Sir J. F. W. HERSCHEL, 
Bart, M.A. With Plates and Diagrams, 
Square crown 8vo, 125. 


HEWITT. — Worxs 
fHlewiTT, M.D. 


THE DIAGNOSIS AND TREATMENT 
OF DISEASES OF WOMEN, INCLUDING 
THE DIAGNOSIS OF PREGNANCY. New 
Edition, in great part re-written and 
much enlarged, with 211 Engravings on 
Wood, of which 79 are new in this Edi- 
tion, 8vyo. 245. 


THE MeEcHANICAL SYSTEM or UTE- 
RINE PATHOLOGY. With 31 Life-size 
Mlustrations prepared expressly for this 
Work. Crown 4to, 7s. 


HICKSON. — ZeezayD IN) OTHE 
SEVENTEENTH CENTURY ; or, The Irish 
Massacres of 1641~2, their Causes and 
Results. Illustrated by Extracts from the 
unpublished State Papers, the unpublished 
MSS. in the Bodleian Library, Lambeth 
Library, &c. ; a Selection from the unpub- 
lished Depositions relating to the Massa- 
cres, and the Reports of the Trials in the 
High Court of Justice, 1652-4, from the 
unpublished MSS. By Mary Hickson. 

Ps With a Preface by J. A. Froude, M.A. 
2 vols, 8vo, 28s. 


HOBART.—7Z#e Mepicar LANGUAGE 
oF ST. Luxg: a Proof from Internal 
Evidence that St. Luke’s Gospel and the 
Acts were written by the same person, 
and that the writer was a Medical Man, 
By the Rev, W. K. Hosart, LL.D. 
8vo. 16s. 


HOLMES.—A Sysrem or Surcery, 
Theoretical and Practical, in Treatises by 
various Authors, Edited hy Tirmority 
Homes, M.A. Surgeon to St. George’s 
Hospital ; and J. W. Hu.xr, F.R.S, 
Surgeon to the Middlesex Hospital. In 
3 Volumes, with Coloured Plates and 
Illustrations on Wood. 3 vols. royal 8vo. 
price Four Guineas, 


HORACE.—orari Orer., Library 
Edition ; the Text carefully corrected, 
with Notes, Marginal References, and 
Various Readings. Edited by the Rey. 

. E. Yoneg, M.A, Assistant Master, 
ton, 8vo. 215, 


BY GRAILY 
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HOMER.—Z#z Jziap or Homer, 
Homometrically translated by C, B. Cay- 
LEY. 8vo. 125, 6d. 


Tuk Intap oF Homer. The Greek 
Text, with a Verse Translation, by W. C. 
GREEN, M.A. Vol. I. Books I.-XII, 
Crown 8vo. 65. 


HOPKINS.—Cweisr 7HE ConSOLER ; 
a Book of Comfort for the Sick. By 
ELLICE Hopxins. Fcp. 8vo., 2s, 6d. 


HORSES AND ROADS; or How to 
Keep a Horse Sound on His Legs, By 
FREE-LANCE, Crown 8vo, 6s. 


HORT.—Zwe New Panrieon, or an 
Introduction to the Mythology of the 
Ancients. By W. J. Horr. 18mo, 
2s, 6d, 


HOWITT.— Visizs ro REMARKABLE 
PLACES, Old Halls, Battle-Kields, Scenes 
illustrative of Striking Passages in English 
History and Poetry. By: WILLIAM 
Howitt. With 80 Illustration engraved 
on Wood. Crown 8vo. 75. 6d, 


HULLAH.—?}'prxs sy Joun Xuz- 
LAH, LLL. 


CouRSE OF LECTURES ON THE E)S- 
TORY OF MoperN Music. 8vo. 8s, 6a, 


CouRSE OF LECTURES ON THE TRAN- 
SITION PERIOD OF MUSICAL HISTORY. 
8vo. 105. 622. 


HULME.—Axz-Lvsrruction In Enc- 
LAND, ByF. E. HULME, F.L.S, F.S.A, 
Fep, 8vo, 35, 602, 


HUME.— Zire Piiiosopnicar WorKs 
OF Davip HuME. Edited by T. HI. 
GREEN, M.A. and the Rev. T. H. 
Grose, M.A. 4 vols. 8vo, 56s. Or 
separately, Essays, 2 vols. 285. Treatise 
on Human Nature. 2 vols, 28s. 


HUSBAND. — Zxaauwarion Ques- 
TIONS IN AN.iTOMY, PHYSIOLOGY, Bo- 
TANY, MATERIA MEDICA, SURGERY, 
MEDICINE, MIDWIFERY, AND STATE- 
MEDICINE. Arranged by H. A. Hus- 
BAND, M.B, M.C, M.R.C.S, L.S.A, &c. 
32mo, 45, 6d, 


INGELOW. —‘Pozricac Works oF 
FRAN INGELOW, New Edition, reprinted, 
with Additional Matter, from the 23rd 
and 6th Editions of the two volumes 
respectively. With 2 Vignettes, 2 vols. 
Fep. 8vo, 125, 
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IN THE OLDEN TIME.—A Novel. 
By the Author of ‘ Mademoiselle Mori. 
Crown 8vo. 6s. 


JAMESON.— Works sy Mrs. JAMzE 
SON, 

LEGENDS OF THE SAINTS AND Mar- 
TrYRS. With 19 Etchings and 187 Wood- 
cuts. 2 vols. 315. 6d. 

LEGENDS OF THE Mavponna, the 
Virgin Mary as represented in Sacred 
and Legendary Art. With 27 Etchings 
and 165 Woodcuts. 1 vol. 215. 

LEGENDS OF THE MONASTIC ORDERS. 
With 1 Etchings and 88 Woodcuts. 
I vol, 21s. 

HISTORY OF THE SAViovR, His Types 
and Precursors. Completed by Lady 
EASTLAKE. With 13 Etchings and 281 


Woodcuts. 2 vols. 42s, 
JEFFERIES.— Works sy Rictarp 
JEFFERIES. 


Tue Story or My Hearr: My 
Autobiography, Crown 8vo. §s. 
RED DEER. Crown 8vo. 45. 6d. 


JOHNSON. —Zece Ltrenrer’s Man- 
UAL ; a Treatise on the Law and Practice 
of Letters Patent, for the use of PAtentees 
and Inventors. By J. JOHNSON and J. 
H. JOHNSON. 8vo. Ios. 64. 


JOHNSTON.—4 Generar Dicrion- 
ARY OF GEOGRAPHY, Descriptive, Physi- 
cal, Statistical, and Ilistorical ; a com- 
plete Gazetteer of the World. By KEITH 
JOHNSTON. Medium 8vo. 425. 


JONES. — Zee Hearty oF THE 
SENSES: SIGHT, JI1EARING, VOICE, 
SMELL AND TASTE, SKIN ; with Hints 
on Health, Diet, Education, Health Re- 
sorts of Europe, &c. By H. MACNAUGH- 
TON JONES, M.D, Crown 8vo. 35. 6d, 


JUKES.— Worxs ay THE Rev. An- 
DREW JUKES. 

THE New MAN AND THE ETERNAL 
LiFe, Crown 8vo. 65. 

THe TvrPES OF GENESIS. 
Svo. 7s. 6d. 

Tue SECOND DEATH AND THE RE- 
eee OF ALL TuiNGS. Crown 8vo, 
35. 

THE Mystery or rie KINGDOM. 
Crown 8vo, 25. 6d, 


JUSTINIAN.—Zwe Jwsrirvres oF 
FUSTINIAN ; Latin Text, chiefly that of 
Huschke, with English Introduction, 
Translation, Notes, and Summary. By 
Tuomas C. SANDARS, M.A. Barrister- 
at-Law. 8yo, 18s, 


Crown 


i 


wes hee WHAM 


KALISCH. — Worxs sy M. M, 


Katiscy, MA, 

Bisce Sruvies. Part I. The Pro- 
phecies of Balaam. 8vo. 10s, 6¢, Part 
IJ. The Book of Jonah. 8vo. 10s. 64. 

COMMENTARY ON THE OLD TESTAa- 
MENT; witha New Translation. Vol. I. 
Genesis, 8vo, 18s. or adapted for the 
General Reader, 12s. Vol. 1I. Exodus, 
15s. or adapted for the General Reader, 
12s. Vol. Ill, Leviticus, Part I. 15s. or 
adapted for the General Reader, 8s. 
Vol. IV. Leviticus, Part II. 15s. or 
adapted for the General Reader, 85. 


BRYN 


KANT. — Cririove or PRACTICAL 
REASON, and other Works on the Theory 
of Ethics. By EMMANUEL KANT. 
Translated by Thomas Kingsmill Abbott, 
sree With Memoir and Portrait. 8vo. 
125, 6d, 


KEARY.—Ovzziwes of PRIMITIVE 
BELIEF AMONG THE INDO-EUROPEAN 
Racks. By CHARLES F, KEARY, M.A. 
Svo, 1835. 


KELLER.—Zwe Lake Dwe Lines 
OF SWITZERLAND, and other Parts of 
Europe. By Dr. F. KELLER, President 
of the Antiquarian Association of Ziirich, 
Translated and arranged by JOHN E, 
Lez, F.S.A. F.G.S. 2 vols, royal 8vo. 
with 206 I]lustrations, 42s. 


KERL.—A PracricaL TREATISE ON 
METALLURGY. By Professor KERL, 
Adapted from the last German Edition by 
W. Crookes, F.R.S. &c. and E. Rohrig, 
Ph.D. 3 vols, 8vo. with 625 Woodcuts, 


4. 195. 


KILLICK.—Havoz00k ro Mitz’s 
SysTem oF Locic. By the Rey. A. Il. 
KILLIcK, M.A. Crown 8vo. 3s. 6d. 


KOLBE.—A Svorr Tex7-sook oF 
INORGANIC CHEMISTRY, By Dr. HER- 
MANN KOLBE. ‘Translated from the 
German by T. S. Humpipce, Ph.D. 
With a Coloured Table of Spectra and 
66 Illustrations. Crown 8vo, 75. 6d, 


LANG.— WVorxs sy AnpRew LANG, 
late Fellow of Merton College. 

Custom Anv My7n; Studies of Early 
Usage and Belief. With Illustrations, 
Crown 8vo. 75. 6d. 

THE Princess Nosovy: a Tale of 
Fairyland. After the Drawings by 
Richard Doyle, printed in colours by 
Edmund Evans, Post 4to. 55. boards. 
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t LATHAM. — Worxs sy Roaszrr G. 
LATHAM, M.A. M.D. 

A DIcrionary oF THE ENGLISH 
LANGUAGE. Founded dn the Dictionary 
of Dr. JOHNSON. Four vols, 4to. £7. 

A DICTIONARY OF THE ENGLISH 
LANGUAGE. Abridged from Dr. Latham’s 
Edition of Johnson's Dictionary, One 
Volume. Medium 8vo. 145. 

HTANDBOOK OF THE ENGLISH LAN- 
GUAGE. Crown 8vo. 65. 


LECKY.— Works sv W.E. H. Lacy. 
HISTORY OF ENGLAND IN THE 18TH 
rr 4 vols. 8vo. 1700-1784, 

» 125, 

rep Histor VOF LLUROPEAN MORALS 
FROM AUGUSTUS TO CHARLEMAGNE. 
2 vols. crown 8vo. 16s. 

HISTORY OF THE Risé AND INFiv- 
ENCE OF THE SPIRIT OF RATIONALISM 
IN EUROPE. 2 vols. crown 8vo, 16s. 

LEADERS OF Pustic OPINION IN 
IRELAND. — Swift, Flood, Grattan, 
O’Connell. Crown 8vo. 75. 6d. 


LESLIE.—Zss4ys rv POLITICAL AND 
MorRAL PuiLosopuy. By T. E. CLirre 
Lesxie, Barrister-at-Law. 8vo. 105, 6d, 


LEWES.—Zwve Arsrory or PHILo- 
SOPHY, from Thales to Comte. By 
GEORGE HENRY LEWES, 2 vols. 8vo. 
325, 


LEWIS, — Ov rue INFLUENCE OF 
AUTHORITY IN MATTERS OF OPINION. 
By Sir G. C, Lewis, Bart. 8vo. 145. 


LINDLEY and MOORE. — Zuvz 
Treasury oF SBorany, or Popular 
Dictionary of the Vegetable Kingdom. 
Edited by J. LINDLEY, F.R.S. and T. 


Moore, F.L.S. With 274 Woodcuts 
and 20 Steel Plates. Two Parts, fep. 
8vo, 125. 


LITTLE.— Ow /v-xvexz Disrorrion 
(Genu Valgum) : Its Varieties and Treat- 
mént with and without Surgical Opera- 
tion. By W. J. LitTLe, M.D. Assisted 
by MUIRHEAD LITTLE, M.R.C.S, With 
40 Illustrations. 8vo. 75. 6d, 


LIVEING.— Works av RoserrLive- 
inc, M.A, and M.D. Cantab. 
Hanpzook oN DISEASES OF THE 
SXIN, With especial reference to Dia- 
gnosis and Treatment. Fep. 8vo. 55. 
Nores ON THE TREATMENT OF SKIN 
DISEASES. 8m0, 35, 
AELBPHANTIASIS GRECORUM,: OR 
“ True Leprosy. Crown 8vo. 43, 6d. 
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LLOYD.—4 Tez rise on MAGNET 
rsM, General and Terrestrial. By H. 
Luoyp, D.D. D.C.L. 8vo. ros. 6d. 


LLOYD.—Zwe Science of AGRICUL- 
TURE. By F.J. Lioyp. 8vo. 125, 


LONGMAN.—Worxs ay Witriam 
Loncman, FSA. 

LECTURES ON THE HISTORY OF 
ENGLAND from the Earliest Times to the 
Death of King Edward II, Maps and 
Illustrations, 8vo, 15s. 

HLTISTORY OF THE LIFE AND TIMES 
or Epwarp Jil. With 9 Maps, 8 
Plates, and 16 Woodcuts, 2vols. 8vo. 285. 


LONGMAN.— Works ay FREDERICK 
W. Lowem An, Balitol College, Oxon. 
CHess Orenincs. Fcp. 8vo. as, 6d. 
FREDERICK THE GREAT AND THE 
SEVEN YEARS’ War. With 2 Coloured 
Maps. 8vo,. 2s. 6d. 
A New FPocxker DIcTIONARY OF 
THE GERMAN AND ENGLISH LAN- 
GUAGES. Square 18mo. 55. 


LONGMAN’S MAGAZINE, 
lished Monthly, Price Sixpence. 
Vols. 1-4, 3 %. price 5s, each. 


LONGMORE.—Guwsxor Lvyvxizs ; 
Their Ilistory, Characteristic Features, 
Complications, and General Treatment. 
By Surgeon-General T. LoNGMoRE, C.B. 
F.R.C.S. With 58 Illustrations. 8vo. 
price 315. 6a. 


LOUDON.— Worxs sy /. C. Lovvon, 
F.LLS, 

ENCYCLOPEDIA OF GARDENING ; 
the Theory and Practice of Horticulture, 
Floriculture, Arboriculture, and Land- 
scape Gardening. With 1,009 Woodcuts. 
8vo. 215, 

E-NCYCLOPAIDIA OF AGRICULTURE ; 
the Laying-out, Improvement, and 
Management of Landed Property; the 
Cultivation and Economy of the Produc- 
tions of Agriculture. With 1,100 Wood- 
cuts, 8vo, 215. 

ENCYCLOPEDIA OF SFLANTS; the 
Specific Character, Description, Culture, 

istory, &c. of all Plants found in Great 
Britain. With 12,000 Woodcuts. 8vo. 425. 


LUBBOCK.— Zw Oricin oF Crvizi- 
ZATION AND THE PRIMITIVE CONDITION 
or Man. By Sir J. Lussocx, Bart. 
M,P. F.R.S. 8vo. Woodcuts, 185. 


LYRA GERMANICA ; Hymns Trans- 
lated from the German by Miss C. 
WINKWORTH. Fep. 8vo. 55, 


Pub- 
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MACALISTER.—4y iJvrropucrion | MACAULAY— WORKS A x D 


TO THRE SYSTEMATIC ZOOLOGY AND 
MorrHotocy OF VERTEBRATE ANI- 
MALS. By A. MACALISTER, M.D. 
With 28 Diagrams. 8vo. tos. 6d, 


MACAULAY.— WORKS AND 
IIFE OF LORD MACAULAY, 


HISTORY OF ENGLAND From 
THE ACCESSION OF FAMES THE SECOND: 
Student’s Edition, 2 vols. crown 8vo. 125, 
People’s Edition, 4 vols. crown 8vo. 16s, 
Cabinet Edition, 8 vols. post 8vo. 48s. 
Library Edition, 5 vols. 8vo. £4. 


CRITICAL AND HISTORICAL 
ESSA YS: 


Cheap Edition, 1 vol. crown 8vo. 2s. 6, 
Student’s Edition, 1 vol. crown 8vo. 6s, 
People’s Edition, 2 vols, crown 8vo, 8s. 
Cabinet Edition, 4 vols. a 8vo, 245, 
Library Edition, 3 vols. 8vo. 36s. 

LAYS OF ANCIENT ROME, &e. 
Illustrated by G. Scharf, fop. 4to. 105. 6d. 
——- Popular Edition, 

fcp. 4to. 6d, sewed, 1s, cloth. 

Illustrated by J. R. Weguelin, crown 8vo, 
3s. 6d, cloth extra, gilt edges. 

Cabinet Edition, post 8vo. 3s. 6d. 

Annotated Edition, fep. 8vo. 1s. sewed, 
1s. 6d. cloth, or 2s, 6d, cloth extra, gilt 
edges. 

ESSAYS which may be had separ- 

ately price 6d, each sewed, Is. cach cloth: 

Addison and Walpole. 

Frederick the Great. 

Croker’s Boswell’s Johnson, 

Hallam’s Constitutional History. 

Warren Hastings. 

The Earl of Chatham (Two Eosays). 

Ranke and Gladstone. 

Milton and Machiavelli. 

Lord Bacon. 

Lord Clive, 

Lord Byron, and The Comic Dramatists of 
the Restoration, 


The Essay on Warren Hastings annotated 
by S. HALES, Is, 6d. 

The Essay on Lord Clive annotated by 
H,. CourTHOPE-BoweEn, M.A. 3s, 64, 


SPEECHES: 
People’s Edition, crown 8vo. 35. 6d. 


MISCELLANEOUS WRITINGS 
Library Edition, 2 vols. 8vo. Portrait, 215, 
People’s Edition, 1 vol. crown 8vo. 45. 62, 


SELECTIONS FROM THE 
WRITINGS OF LORD MacaAULaY. Edi- 
ted, with Occasional ig b si Right 
Hon. G. O, TREVELYAN, M Crown 
Svo. 6s. 





ee wed above, 


LIFE OF LORD MACAULAY 
-—~continued. 
MISCELLANEOUS WRITINGS 


AND SPEECHES: 

Student’s Edition, in ONE VOLUME, crown 
8vo. 6s. 

Cabinet Edition, including Indian Penal 
Code, Lays of Ancient Rome, and Mis- 
cellaneous Poems, 4 vols, post 8vo. 245. 


THE COMPLETE WORKS oF 
ZoRD MACAULAY, Edited by his Sister, 
Lady TREVELYAN. 

Library Edition, with Portrait, 
demy 8vo. £5. 55 
Cabinet Edition, 16 vols. post 8vo. £4, 165. 


THE LIFE AND LETTERS oF 
Lorp Macaulay, By the Right Hon. 
G, O. TREVELYAN, M.P. 

Popa Edition, 1 vol. crown 8vo. 6s. 
abinet Edition, 2 vols. post 8vo. 125, 
Library Edition, 2 vols. 8vo. with Portrait, 


365. 


8 vols, 


MACFARREN.—Zecrvres on HAr- 


MONY, delivered at the Royal Institution. 
By G, A. MACFARREN, 8vo. 125, 


MACKENZIE.—Ow ree Use OF THE 


LARYNGOSCOPE IN DISEASES OF THE 
hla e with an Appendix on Rhino- 
scopy MORELL MACKENZzI£, M.D. 
Lond. With 47 Woodcut Illustrations, 
8vo. 65. 


MACLEOD.— Worxs sy Henry D. 


MacrzéoD, M.A. 

PRINCIPLES OF ECONOMICAL PHILO: 
sory, In 2 vols, Vol. I, 8vo. 155, 
Vol. II. PARTY 1. 125. 

THe ELEMENTS OF Econonics. In 
2 vols, Vol. I. crown 8vo. 75. 6, 

THe ELEMENTS Or BANKING. 
Crown 8vo, 55. ; 

THE THRORY AND PRACTICE OF 
BANKING. Vol. I, 8vo. 12s, Vol. IT, 
nearly ready. 

EGLEMENTS OF POLITICAL ECONOMY. 
Svo. 16s. 

ECONOMICS FOR BEGINNERS. 
2s. 6d, 

LECTURES UN CREDIT AND BANKING. 
8vo. §5. 


8vo. 


MACNAMARA, — Aitacavan AnD 


SUB-HIMALAYAN DISTRICTS OF BRITISH 
Jnpia, their Climate, Medical ae 
graphy, and Disease Distribution. By 
F, N. MacnaMara, M.D. With Map 
and Fever Chart. 8vo. 2ts. 
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CCULLOCH. — Zvz Dicrionvary 
OF COMMERCE AND COMMERCIAL NAVI- 
GATION of the late J. Kk. McCuLLocH, 

of H.M. Stationery Office. Latest Edi- 
tion, containing the most recent Statistical 
Information by A. J. WILSON. 1 vol. 
medium 8vo. with 11 Maps and 30 Charts, 
aes 63s. cloth, or 7os, strongly half- 

und in russia. 


MAHAFFY.—4 Wisrory or Czas- 

SICAL GREEK LITERATURE, By the Rev. 

{ P, Mauarry, M.A. Crown 8vo. 

ol. I. Poets, 7s. 6¢. Vol. II. Fose 
Writers, 75. 6d, 


MALMESBURY.—JZzmorrs oF AN 
EX-MINISTER: an Autobiography. By 
the Earl of MALMEsBURY, G.C.B, 2 vols. 
8vo. 325, 


MANNING.—Zvz Tearrorar Mrs- 
SION OF THE HOLY GHOST ; or, Reason 
and Revelation. By H. E. MANNING, 
aS ama eee Crown 8vo, 

Se ® 


MARTINEAU.— Worxs sy Janes 


Marrineau, DD. 


Hours oF THovuGHT on SACRED 
THINGS. Two Volumes of Sermons, 
2 vols. crown 8vo. 75. 6d. each. 


ENDEAVOURS AFTER THE CHRISTIAN 
Lire. Discourses, Crown 8vo. 75. 64. 


MAUNDER’S TREASURIES. 


BIOGRAPHICAL TREASURY. Recon- 
structed, revised, and brought down to 
the year 1882, by W. L. R. Cares. 
Fep. 8vo. 6s. 


TREASURY OF NATURAL HisToryY; 
or, Popular Dictionary of Zoology. Fep. 
8vo, with 900 Woodcuts, 6s. 


TREASURY OF GEOGRAPHY, Physical, 
Historical, Descriptive, and Political. 
With 7 Mapsand 16 Plates, Fep, 8vo. 6s. 


HisToricaAL TreEASURY, Outlines of 
Universal History, Separate Histories of 
all Nations, Revised by the Rev. Sir G. 
W. Cox, Bart. M.A. Fep. 8vo. 65. 


TREASURY OF KNOWLEDGE AND 
LIBRARY OF REFERENCE. Comprising 
an English Dictionary and Grammar, 
Universal Gazetteer, Classical Dictionary, 
Sia sale Law Dictionary, &c. Fep. 

vo. 65, 


SCIENTIFIC AND LITERARY TREA- 
SURY: a Popular Encyclopsedia of Science, 
Literature, and Art. Fep, 8vo. 6s. 
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MAXWELL.--Dov Jown or Aus- 
7RL1; Or, Passages from the Mistory 
of the Sixteenth Century, 1547-1578 
By the late Sir WILLIAM STIRLING 
MAXWELL, Bart. K.T. With numerous 
I}lustrations engraved on Wood taken 
from Authentic Contemporary Sources. 
Library Edition. 2 vols. royal 8vo. 425. 


MAY.—Wores ay rue Ricur Hon. 
SVR THOMAS ERSKINE May, KCB. 


THE CONSTITUTIONAL STISTORY OF 
ENGLAND SINCE THE ACCESSION OF 
GEORGE I1f, 1760-1870. 3 vols. crown 
Svo, 185. 


DEmocRAcY IN EvROPE; a History. 
2 vols. 8vo. 325, 


MENDELSSOHN.—Zve Zerrenrs or 
FELIX MENDELSSOHN. Translated by 
Lady WALLACE. 2 vols. crown 8vo, Ios. 


MERIVALE.— Works ay riz Very 
Rev. CuARLES MERIVALE, D.D. 
Dean of Ely. 


HISTORY OF THE ROMANS UNDER 
THE EMPIRE, 8 vols. post 8vo. 48s. 


THE FALL OF THE Roman ReEPus- 
Lic: a Short History of the Last Cen- 
tury of the Commonwealth. r2mo. 7s. 6d. 


GENERAL HISTORY OF ROME FROM 
B.C. 7§3 70 A.D. 476. Crown 8vo. 75. 6d. 


THE ROMAN TRIVMVIRATES. With 
Maps. Fep. 8vo. 2s. 6d. 


MILES. — Worxs 


MILES. 


THE Horsi’?s Foot, and How ro 
KEEP IT SOUND. Imp. 8vo, 125. 6d. 


STABLES AND STABLE FITTINGS. 
Imp. 8vo. with 13 Plates, 15s. 


REMARKS ON HoRSES TEETH, ad- 
dressed to Purchasers. Post 8vo. 15. 6d. 


PLAIN TREATISE ON HORSE-SHOE- 
ING. Post 8vo. Woodcuts, 2s, 6d. 


BY WILLIAM 


MILL.—Aw4zysis oF rie PHENO- 
MENA OF THE HUMAN Mtnp. By 
James Mitt. With Notes, Illustra- 
tive and Critical, 2 vols. 8vo, 285. 


MILL.—Worxs sy foun Srvarr 
MILL. 


PRINCIPLES OF POLITICAL ECONOMY. 
Library Edition, 2 vols. 8vo. 30s. 
People’s Edition, 1 vol. crown 8vo. 5s. 

[Continued on next face. 
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MILL.— Worxs sy foun Srvarr 
Mizxr—continued, 
A Sysrem oF Loic, Ratiocinative 
and Inductive. 
Library Edition, 2 vols. 8vo. 255, 
People’s Edition, crown 8vo. 5s, 
On Lizerry. Crown 8vo. 15. 44. 


On REPRESENTATIVE GOVERNMENT, 
Crown 8vo. 2:5. 


AUTOBIOGRAPHY, 8vo. 75. 6d. 


ESSAYS ON SOME UNSETTLED QUES- 
ries OF POLITICAL ECONOMY. 8vo, 


UTILITARIANISM, 8VvO. 55. 


THe Susyecrion oF Women, Crown 
8vo. 65. 


EXAMINATION OF SIR WiuLLiAm 
HAMILTON'S PHILOSOPHY. 8vo. 16s, 


DISSERTATIONS AND DISCUSSIONS, 
4 vols, 8vo. £2. 65. 6d, 


NATURE, THE UTiLiTY OF RELIGION, 
AND THEISM. Three Essays, 8vo, 
tos, 6d, 


MILLER.— Worxcs sy W. Aten 
MirrER, M.D, LL.D. 


THE ELEMENTS OF CHEMISTRY, 
Theoretical and Practical Re-edited, 
with Additions, by H. Macieon, F.C.S. 
3 vols. 8vo, 

Part I. CuemicaL Puysics, 16s, 

Part IJ. INORGANIC CHEMISTY, 245. 

Part ITI. OrnGANic CHEMISTRY, 315. 6d. 


An INTRODUCTION TO THE STUDY 
oF INORGANIC CHEMISTRY. With 71 
Woodcuts. Fcp. 8vo. 35. 64. 


MILLER. — Re4nincs in SOCIAL 
Economy. By Mrs. F. FENwick 
M11LER, Member of the London School 
Board. Library Edition, crown 8vo, 55. 
Cheap Edition for Schools and Beginners, 
crown 8vo, 25, 


MILLER,.—Wiwrerine in THE Ri- 
VIERA; with Notes of Travel in Italy 
and France, and Practical Hints to 
Travellers. By W. MILLER. With 12 
Illustrations, Post 8vo. 7s, 6d. 


MILNER. — Couvwrry PLEASURES ; 
the Chronicle of a Year, chiefly in a 
Garden. By GEORGE MILNER, With 
Vignette. Crown 8vo. 65. 


MITCHELL.—4 Mayvaz or Prac- 
TICAL ASSAYING. By JOHN MITCHELL, 
F.C.S. Revised, with the Recent Dis- 
coveries incorporated. By W. CROOKEs, 
F.R.S. 8yo, Woodeuts, 315. 64. 
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MODERN NOVELIST’S LIBRARY 


(THE). Price2s. each boards, or 25. 67, 
each cloth :— 

By the Earl of BEACONSFIELD, K.G, 

Endymion. 

Lothair. Henrietta Temple. 
Coningsby. Contarini Fleming, &c, 
Sybil. Alroy, Ixion, &c., 
Tancred. The Young Duke, &c, 
Venetia. { Vivian Grey, ¢ 

By Mrs, OLIPHANT, 
In Trust. 


By BRET HARTE, 
In the Carquinez Woods. 
By ANTHONY TROLLOPE, 
Barchester Towers, 


The Warden, 

By Major WilyYTE-MELVILLE, 
Digby Grand Good for Nothing, 
General Bounce. IYolmby House. 
Kate Coventry. The Interpreter, 
The Gladiators. Queen’s Maries, 


By Various Writers. 
The Atelier du Lys. 
Atherstone Priory. 
The Burgomaster’s Family. 
Elsa and her Vulture, 
Mademoiselle Mori. 
The Six Sisters of the Valleys. 
Unawares. 


MONCK. — 4 Jwrropucrion ro 
Logic. By Wiiitam H. STANLEY 
Monck, M.A. Prof. of Moral Philos. 
Univ. of Dublin. Crown 8vo. 55. 


MONSELL.—Srrriruat Soncs For 


LL.D. Fep. 8vo. 5s. 18mo, 


' MOORE.—Zve Worxs or Tuomas 
Moore, 

LALLA Rooxy, TENNIEL’s Edition, 
with 68 Woodcut Illustrations, Crown 
8vo, 10s. 6d, 

Triso MELODIES, Macuise’s Edition, 
with 161 Steel Plates, Super-royal 8vo, 
2I5, 


ON DISEASE IN INDIA, By CHARLES 
MorEHEAD, M.D. Surgeon to the Jam- 
setjee Jeejeebhoy Hospital. 8vo. 215. 


MORELL. — H4nxpz00K oF Locic, 
adapted especially for the Use of Schools 
and Teachers. By J. D. Moret, LL.D, 
Fep, 8vo. 25. ; 


MOZLEY.— REMINISCENCES CHIEFLY 
OF ORIEL COLLEGE AND THE OXFORD 
Movement. By the Rev. Tomas 
Moz.ey, M.A. .2 vols. crown 8vo, 
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MULLER. —Worcs sy Fo Max | NORTHCOTY.—Zarues anv Turn- 


MUxzreER, M.A. 

BIOGRAPHICAL ESSAYS. 
45. 6d, 

SELECTED ESSAYS ON LANGUAGE, 
MYTHOLOGY AND RELIGION. 2 vols, 
crown 8vo, 16s, 

LECTURES ON THE SCIENCE OF LAN- 
GUAGE, 2 vols, crown 8vo. I6s, 

Inpia, Woat Can ir Teacn Us? 
A Course of Lectures delivered before the 
University of Cambridge, 8vo. 125. 6d. 

FAIIBBERT LECTURES ON THE ORIGIN 
AND GROWTH OF RBLIGION, as illus- 
trated by the Religions of India. Crown 
8vo. 75. 6d. 

INTRODUCTION TO THE SCIENCE OF 
RRLIGION : Four Lectures delivered at the 
Royal Institution ; with Notes and Illus- 
trations on Vedic Literature, Polynesian 
Mythology, the Sacred Books of the 
East, &c. Crown 8vo, 75. 6d. 

A SANSKRIT GRAMMAR FOR BEGIN- 
NERS, in Devanagari and Roman Letters 
throughout. Royal 8vo. 75. 4d, 


MURCHISON.— Worxs ay CHARLES 
Murcuison, MD. LLD. 
LARS. & 

A TREATISE ON THE CONTINVED 
FEVERS OF GREAT BriTAIN, New 
Edition, revised by W. Cayiry, M.D. 
Physician to the Middlesex Hospital. 
8vo. with numerous Illustrations, 25s. 

CxzinicAL LECTURES ON DISEASES 
OF THE LIVER, FAUNDICE, AND AB- 
POMINAL JRoPsy. New Edition, re- 
vised by T, LAUDER Brunton, M.D. 
8vo. with numerous Illustrations, 

[Jn preparation, 

NEISON.— Zz Joon, and the Con- 
dition and Configurations of its Surface. 
By E. Netson, F.R.A.S. With 26 
Maps and § Plates. Medium 8vo, 315. 64, 


NEVILE.— Works sy Georce Nz- 
VILE, M.A. 
Horses AnD Riping. With 31 Tllus- 
trations. Crown 8vo. 6s. 
Farms AND Farminc. With 13 
Illustrations. Crown 8vo. 65. 
NEWMAN.—Arozocia pro Vird 
Sud ; being a History of his Religious 
Opinions by Cardinal NEWMAN. Crown 
8vo. 65. 
NEW TESTAMENT (THE) of our 
and Saviour Jesus Christ, Illus- 
trated with Engravings on Wood after 
Paintings by the Early Masters chiefly of the 
Italian School, New and Cheaper Edition. 
Ato, 21s, cloth extra, or 425, morocco, 


Crown 8vo, 


Inc, Simple, Mechanical, and Ornamen- 
tal. By W. H. NorTHCOTT., With 338 
Illustrations. 8vo. 18>, 


OWEN.—Wores ay Sir Richard 
Owen, K.C.B. &. 


THE COMPARATIVE ANATOMY AND 
PHYSIOLOGY OF THE VERTEBRATE ANI- 
MALS. With 1,472 Woodcuts. 3 vols. 
8vo. £3. 135. 6d. 

EXPERIMENTAL PHYSIOLOGY, ITS 
BENEFITS TO MANKIND ; with an Ad- 
dress on Unveiling the Statue of William 
Harvey at Folkestone, August 1881. 
Crown 8vo. 5s. 


PAGET.— Worxs ay Sir James 
PAGET, Bart. E.R. DCL. & 6. 
CiiniCaAL LECTURES AND ESSAYS. 
Edited by F, Howarp Marsh, Assistant- 
Surgeon to St. Bartholomew’s Hospital. 
8vo. 185, 

LECTURES ON SurRGicaAL PATHO- 
Locy. Telivered at the Royal College 
of Surgeons of England. Re-edited by 
the AuTrHOR and W, TuRNeER, M.B. 
8vo. with 131 Woodcuts, 2I5, 


PALEY.— View or rre Evinences 
OFCHRISTIAN 'Y ANDHORAE PAULINAE. 
By Archdeacon PALEY, With Notes and 
an Analysis, and a Selection of Questions. 
By Ropert Potts, M.A. 8vo, 10s. 6d. 


PASTEUR.—Zours Pasrevr, his Life 
and Labours. By his Son-1n-LAw. 
Translated from the French by Lady 
CLauD HAMILTON. Crown 8vo, 7s. 6d. 


PAYEN.—Jwousrriat CHEMISTRY ; 
a Manual for Manufacturers and for Col- 
leges or Technical Schools ; a Translation 
of Payen’s ‘Précis de Chimie Indus- 
trielle.’ Edited by B. H. Pav. With 
698 Woodcuts. Medium 8vo. 42s, 


PAYN.—Zuicxer ruian Warer. A 
Novel. By JAMES Payn, Author of 
‘Lost Sir Massingberd’ &c, Crown 
8vo. 65. 


PENNELL.—‘ From Gravero Gar’: 
a Volume of Selections from the complete 
Poems of H. CHOLMONDELEY-PENNELL, 
ae of ‘Puck on Pegasus’ &c, Fep. 

vo, 65. 


PEREIRA.—Mareria Menica anp 
THERAPEUTICS, By Dr. PEREIRA. 
Abridged, and adapted for the use of 
Medical and Pharmaceutical Practitioners 
and Students. Edited by Professor R. 
BENTLEY, M.R.C.S. F.L.S. and by 
Professor T. RepDwoop, Ph.D. F.C.S,. 
With 326 Woodcuts, 8vo, 255. 
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PERRY.—4 Poruzar Inrropuc- 
TION TO THE HISTORY OF GREEK AND 
ROMAN SCULPTURE, designed to Promote 
the naira and Appreciation of the 
Remains of Ancient Art. By WALTER 
C. Perry, With 268 Illustrations, 
Square crown 8vo. 315. 6d. 


PIESSE.— Zwe Arr or PERFUMERY, 
and the Methods of Obtaining the Odours 
of Plants; with Instructions for the 
Manufacture of Perfumes, &c. By G. 
W. S. Pressz, Ph.D. F.C.S. With 
96 Woodcuts, square crown 8vo. 215. 


PLATO. — ZHr PARMENIDEFS OF 
PLATO; with Introduction, Analysis, 
and Notes. By THOMAS MAGUIRE, 
LL.D. 1D). Lit. Fellow and Tutor, Trinity 
College, Dublin. 8vo, 75. 62. 


POLE.—Zvz Zuzory oF Tur Mo. 
DERN SCIENTIFIC GAME OF IWHIST. 
By W. Poe, F.R.S. Fep. 8vo. 25, 6d, 


PROCTOR.— Works ny R. A. Proc. 
TOR. 

THE Sun; Ruler, Light, Fire, and 
Life of the Planetary System. With 
Plates and Woodcuts. Crown 8vo. 14s. 

TiiE Orzss Arounp Us ; a Series of 
Essays on the Moon and Planets, Meteors 
and Comets, the Sun and Coloured Pairs 
of Suns. With Chart and Diagrams, 
crown 8vo. 75. 6d, 

OrvER Worips THAN Ours; The 
Plurality of Worlds Studied under the 
Light of Recent Scientific Researches. 
With 14 Illustrations, crown 8vo. 10s. 62, 

THE Moon ; her Motions, Aspects, 
Scenery, and Physical Condition, With 
Plates, Chaits, Woodcuts, and Lunar 
Photographs, crown 8vo. Ios. 6d. 

UNIVERSE OF STARS; Presenting 
Researches into and New Views respect- 
ing the Constitution of the Weavens., 
With 22 Charts and 22 Diagrams, 8vo, 
10s. 64. 

New Srar Arzas for the Library, 
the School, and the Observatory, in 12 
Circular Maps (with 2 Index Plates), 
Crown 8vo. $s. 

LARGER Star ATLAS for the Library, 
in 12 Circular Maps, with Introduction 
and 2 Index Pages. Folio, 15s, or Maps 
only, 125. 6d. 

Licnt Sc1incE FoR LeisurF Hours; 
Familiar Essays on Scicntific Subjects, 
Natural Phenomena, &c. 3 vols. crown 


8vo, 75, 6¢. each, 
[Continued above, 
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PROCTOR— Worxs sy R.A, Procror 
continued. 

STUDIES OF VeENUS-TRANSITS ; an 
Investigation of the Circumstances of the 
Transits of Venus in 1874 and 1882. 
With 7 Diagrams and 10 Plates. 8vo. 55, 

Transits oF Venus. <A Popular 
Account of Past and Coming Transits 
from the First Observed by Horrocks in 
1639 to the Transit of 2012, With 20 
Lithographic Plates (12 Coloured) and 38 
Illustrationsengraved on Wood, 8vo. 85.6¢, 

Essays on Astronomy. A Series 
of Papers on Planets and Meteors, the 
Sun and Sun-surrounding Space, Stars 
and Star Cloudlets, With 1o Plates and 
24 Woodcuts, 8vo. 12s. 

A TREATISE ON THE CYCLOID AND 
ON ALL LPURMS OF CYCLOIDAL CURVES, 
and on the use of Cycloidal Curves in 
dealing with the Motions of Planets, 
Comets, &c. and of Matter projected from 
the Sun. With 161 Diagrams. Crown 
8vo, ros. 6d, 

PLEASANT Ways in SCIENCE, with 
numerous Illustrations. Crown 8vo. 6s. 

Myris AND MARVELS OF ASTRO- 
Nomy, with numerous Illustrations, 
Crown 8vo. 6s, 


THE ‘KNOWLEDGE’ LIBRARY. 
Edited by Riciarp A, PROCTOR. 

Screnck Byways. A Series of Fae 
miliar Dissertations on Life in Other 
Worlds. By RicHarp A, PRocTOR, 
Crown 8vo. 6s. 

Tuk PortrRY oF AstrRonwouy. A 
Series of Familiar Essays on the Ifeavenly 
Bodies. By RicHarp A. Procror. 
Crown 8vo. 65. 

NarureE Srvnies. Reprinted from 
Knowledge, By GRANT ALLEN, AN- 
DREW WILSON, THOMAS FOSTER, 
EpWARD CLopp, and RICHARD A, 
Proctor. Crown 8vo. 6s. 

LeIsuRE ReEAPINGS. Reprinted from 
Knowledge. By Epwarp Cropp, 
ANDREW WILSON, THOMAS FOSTER, 
A. C. Runyvarp, and Riciarp A, 
Procror. Crown 8vo, 6s. 

Tie STARS IN THEIR SEASONS. 
An Easy Guide to a Knowledge of the 
Star Groups, in Twelve Large Maps. By 
RICHARD A, Proctor. Imperial 8vo. 5s. 


QUAIN’S ELEMENTS of ANATOMY. 
The Ninth Edition. Re-edited by ALLEN 
Trtomson, M.D. LL.D. F.R.S.S. L.& E. 
EpwaArp ALBERT SCHAFER, F.R.S, and 
GEORGE DANCER THANE. With up- 
wards of 1,000 Illustrations engraved on 
Wood, of which many are Coloured, 
2 vols, 8vo, 18s, each, 
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QUAIN.—4 Dictionary or Ment- 
cINg. Including General Pathology, 
General Therapeutics, Hygiene, and the 
Diseases peculiar to Women and Children. 
By Various Writers. Edited by R. Qualn, 
M.D. F.R.S. &c, With 138 Woodcuts. 
Medium 8vo, 315. 6d. cloth, or 40s. half- 
russia ; to be had also in 2 vols, 345, cloth. 


RAWLINSON. — Ze 3 Sevenru 
GREAT ORIENTAL MONARCHY; or, 2% 
History of the Sassanians. By G. Raw- 
LINSON, M.A. With Map and 95 Dlus- 
trations, 8vo. 285, c 


READER.—Vorcrs rrom Frower- 
LAND, in Original Couplets. By EMILY 
E, READER. A Birthday-Book and Lan- 
guage of Flowers, 16mo. 2s. 6d, limp 
cloth ; 3s. 6d. roan, gilt edges, 


REEVE. — Cooxery ano Houvuse- 
KBEPING ; a Manual of Domestic Economy 
for Large and Small Families. By Mrs. 
Henry Reeve. With 8 Coloured Plates 
and 37 Woodcuts, Crown 8vo. 7s. 6:, 


RICH.—A Dicriowary or Roman 
AND GREEK ANTIQUITIES. With 2,000 
Woodcuts. By A, Ricn, B.A. Crown 
8vo. 75, 6d 


RIVERS. — [Vorxs 
RIVERS. 

Tuk ORcHARD-HoUSE; or, the 
Cultivation of Fruit Trees under Glass. 
Crown 8vo. with 25 Woodcuts, 55. 

THE ROSE AMATEUR’S GUIDE, 
Fcp. 8vo. 45. 6, 


ROGERS. — /Vorxs ay 
ROGERS. 

THE ECLIPSE OF FAITH ; oY, & Visit 
toa Religious Sceptic. Fep. 8vo. 5. 
DEFENCE OF THE ECLIPSE OF 

FaiTH, F¥ep, 8vo. 35. 6d, 


BY IZnHOMAS 


FICNRY 


ROGET.—Zxasaurus or Enczisn 
WorDS AND PHRASES, classified and 
arranged so as to facilitate the expression 
of Ideas, and assist in Literary Compo- 
sition, By PETER M. ROGET, M.D. 
Crown 8vo, 10s. 6d, 


RONALDS. — Zxz 


ENTOMOLOGY. B 
With 20 Coloured 


FLy-FISHER’S 
ALFRED RONALDS, 
lates. 8vo. 145. 


SALTER.—Daewrar PATHOLOGY AND 
Surcery. By S. J. A. SALTER, M.B, 
F.R.S. With 133 Illustrations, 8vo, 185. 
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SCOTT.— Works ay Jour Scorrt. 


RENTS AND PURCHASES ; or, the 
Valuation of Landed Property, Woods, 
Minerals, Buildings, &c, Crown 8vo. 6s, 


THe FaRM-VaLveR, Crown 8vo. 55. 


SEEBOHM.— Worxs ay FREDERICK 
SEEBOHM. 


THE OXFORD REFORMERS — JOHN 
COLET, ERASMUS, AND THOMAS Moré; 
a History of their Fellow-Work, 8vo, 
I4s. 

THE ENGLISH VILLAGE COMMUNITY 
Examined in its Relations to the Manorial 
and Tribal Systems, and to the Common 
or Openfield System of Husbandry, 13 
Maps and Plates, 8vo, 165, 

THE ERA OF THE PROTESTANT REVO- 
LU7ioN, With Map. Fep. 8vo. 2s. 6d, 


SENNETT.—Ze#e Marine Sreau 
ENGINE ; a Treatise for the use of Engi- 
neering Students and Officers of the Royal 
Navy. By RicHarD SENNErT, Chief 
Engineer, Royal Navy. With 244 Illus- 
trations, 80, 215. 


SEWELL.—/orxs By ELIZABETH 
M. SEWELL. 


S7oriES AND Taxes. Cabinet 
Edition, in Eleven Volumes, crown 8vo. 
3s. 6d. each, in cloth extra, with gilt 
edges :— 

Amy Herbert. Gertrude. 
The Earl’s Daughter. 

The Experience of Life. 

A Glimpse of the World, 
Cleve Hall. Ivors, 
Katharine Ashton, 

Margaret Percival, 

Laneton Parsonage. Uh,sula, 


LassinG TiovenTrs on RELIGION, 
Fep, 8vo. 35. 6d. 

PRIPARATION FOR THE HOLY Com- 
MUNION ; the Devotions chiefly from the 
works of JEREMY TAYLOR. 32m0, 35, 


Nicur LESSONS FROM SCRIPTURE. 
32mo, 35. 6d, 


SEYMOUR. —ZwePsazms or Davin; 
a new Metrical English Translation of the 
Hebrew Psalter or Book of Praises. By 
WILLIAM Diy Seymour, Q,C, LL.D, 
Crown 8vo, 25. 6d, 


SHORT.—Seercx of THE History 
OF THE CHURCH OF ENGLAND TO THR 
REVOLUTION OF 1688, By T, V. SHort, 
D,D, Crown 8yo, 7s. éd, 
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SHAKESPEARE.—Zowozexr’s Fa- 
MILY SHAKESPEARE. Genuine Edition, 
in I vol. medium 8vo. large type, with 
36 Woodcuts, 145. or in 6 vols. fcp. 8vo. 
2s, 


OurLInes OF THE Lirk OF SHAKE- 
SPEARE, By J. O. HALLIWELL-PHIL- 
ures, F.R.S. 8vo. 75. 6d, 


SIMCOX.—A Aisrory or Lariv 
LITERATURE. By G. A. Simcox, M.A. 
Fellow of Queen’s College, Oxford. 2 
vols, 8vo. 325, 


SKOBELEFF AND THE SLAVONIC 
CAUSE. By O. K. Honorary Member 
of the Benevolent Slavonic Society. 8vo. 
with Portrait, 145. 


SMITH, Rev. SYDNEY.—Zve Wir 
AND Wispou oF Titk REV, SYDNEY 
SMiTH, Crown 8vo. 35. 6d. 


THAGE AND THE CARTHAGINIANS. By 
R. Boswortiu SmitH, M.A, Maps, 
Plans, &c. Crown 8vo, tos. 6d. 


SMITH, R. A.—Asr ann Raiv ; the 
Beginnings of a Chemical Climatology. 
By R. A. SMITH, F.R.S.  8vo. 245, 


SMITH, JAMES.—Zvz Voyace anp 
SHIPWRECK OF ST. PAUL. By JAMES 
Situ, of Jordanhill. With Dissertations 
on the Life and Writings of St. Luke, 
and the Ships and Navigation of the 
Ancients. With numerous Illustrations, 
Crown 8vo. 7s. 6d, 


SMITH, T.—A Maxyuac or OPERA- 
TIVE SURGERY ON THE DEAD Bopy. 
By THomas SMITH, Surgeon to St. 
Bartholomew’s Hospital. A New Edi- 
tion, re-edited by W. J. WaALsHaAM, 
With 46 Illustrations. 8vo. 12s, 


SMITH, H. F.—Z#e Hawps00k For 
Mipwives. By HENRY FLy SMITH, 
M.B. Oxon. M.R.C.S, late Assistant 
Surgeon at the Hospital for Sick Women, 
Soho Square, With 41 Woodcuts, 
Crown 8vo. 55. 


SOPHOCLES.—Sorvociis = Traca- 
DI superstites ; recensuit et brevi Anno- 
tatione instruxit GULIELMUs LINWOOD, 
M.A. idis Christi apud Oxonienses 
nuper Alumnus. Editio Quarta, auctior 
et emendatior. 8vo. 16s. 


THe THEBAN Tritocy oF SoPHo- 
CLES ; Oedipus Rex, Oedipus Coloneus, 
Antigone: Greek Text, with copious 
Explanatory English Notes. By the Rev, 
W. Lixwoop, M.A, Crown 8yo. 7s. 60, 
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SOUTHEY.—7Zve Porricat Worxs 
OF ROBERT SOUTHEY, with the Author’s 
last Corrections and Additions. Medium 
8vo. with Portrait, 145. 


ZHE CORRESPONDENCE OF ROBERT 
SOUTHEY WITH CAROLINE BOWLES, 
Edited by EpwArD Dowpen, LL.D. 
8vo. Portrait, 145, 


STANLEY.—A Fasvcrar History 
OF Srrps. By E. StTaniey, D.D 
Revised and enlarged, with 160 Wood 
cuts. Crown 8vo. 65, 


e 

STEEL.—A Zrearise on THe Dis- 
EASES OF THE OX; being a Manual of 
Bovine Pathology specially adapted for 
the use of Veterinary Practitioners and 
Students. By J. H. STEEL, M.R.C.V.S, 
F.Z.S. With 2 Plates and 116 Wood- 
cuts. 8vo. 15s. 


STEPHEN.—Zssars iv ECCLESIAS- 
TICAL BIOGRAPHY. By the Right Hon, 
Sir J. Steruen, LL.D. Crown 8vo, 
75. 6d, 


‘STONEHENGE.’—Ziz Doc uv 
ABALTH AND DISEASE. By ‘STONE« 
HENGE.’ With 78 Wood Engravings, 
Square crown 8vo. 7s. 6d. 


Tire GREYHOUND. By ‘STONEHENGE,’ 
With 25 Portraits of Greyhounds, &e 
Square crown 8vo. 15s. 


STURGIS.— My Frienns ano I. By 
JULIAN StuRcis, With Frontispiece, 
Crown 8vo. §5. 


SULLIVAN.—‘Srrav Sxors ;’ Politi- 
cal, Military, Economical, and Social. By 
Sir ro SULLIVAN, Bart. 8vo, 
IOs. e 


SULLY.—Ovrziives or PsycHooey, 
with Special Reference to the Theory of 
Education, By JAmMes SULLY, M.A, 
Svo. 125. 6d, 


SUPERNATURAL RELIGION; an 
Inquiry into the Reality of Divine Reve- 
lation. Complete Edition, thoroughly 
revised, 3 vols. 8vo, 36s. 


SWINBURNE.—2rcrvee Loeic; an 
Attempt to Popularise the Science of 
Reasoning. By A. J. SWINBURNE, B.A. 
Post 8vo. 55. 


SWINTON.—Zwve PrinciPLges AND 
PRACTICE OF ELECTRIC LIGHTING. B 
ALAN A. CAMPBELL SWINTON, Wi 
$4 Illustrations engraved on Wood 
Crown 8vo, 55, 
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TAYLOR.—Sruvzew7's Manvar or | THREE IN NORWAY. By Two of 


TRE History oF InorA, from the Earliest 
Period to the Present Time. By Colonel 
ee Tayior, C.S.1. Crown 8vo. 
7Se a 


TAYLOR.—Zwe Compcere Works 
OF Bisuop Jeremy Taytor. With 
Life by Bishop Heber. Revised and 
cotrected by the Rev. C. P. Epzn. 10 


vols, £5. 55. 
TEXT-BOOKS OF SCIENCE: a 


series of Elementary Works on Science, 
Mechanical and Physical, forming a Series 
of Text-books of Science, adapted for 
the use of Students in Public and Science 
Schools. Fecp, 8vo. fully illustrated with 
Woodcuts, 

Abney’s Photography, 35. 6d. 

Anderson’s Strength of Materials, 35, 6d. 

Armstrong’s Organic Chemistry, 35. 62, 

Ball’s Elements of Astronomy, 6s, 

Barry’s Railway Appliances, 35. 642, 

Bauerman’s Systematic Mineralogy, 6s. 

Descriptive Mineralogy, 65. 

Bloxam and Huntington’s Metals, 5s. 

Glazebrook’s Physical Optics, 6s. 

Gore’s Electro-Metallurgy, 65, 

Griffin’s Algebra and Trigonometry, 35. 6d. 

Jenkin’s Electricity and Magnetism, 35. 6c, 

Maxwell’s Theory of Heat, 3s. 62. 

Merrifield’s Technical Arithmetic, 3s, 6d, 

Miller’s Inorganic Chemistry, 3s, 6d, 

Preece and Sivewright’s Telegraphy, 5,. 

Rutley’s Petrology, or Study of Rocks, 45, 6d, 

Shelley’s Workshop Appliances, 45, 6d. 

Thome’s Structural and Physiological 

Botany, 6s. 
Thorpe’s Quantitative Analysis, 4s. 6d, 
Thorpe and Muir’s Qualitative Analysis, 
3. 04, 

Tilden’s Chemical Philosophy, 3s. 6¢, With 
Answers to Problems, 45. 6d, 

Unwin’s Machine Design, 6s. 

Watgon’s Plane and Solid Geometry, 35, 62. 


THOMSON.—4y Ouriine oF THE 
Nsck&ssaRY LAWS OF THOUGHT; 4 
Treatise on Pure and Applied Logic. By 
W. THomson, D.D. Archbishop of 
York. Crown 8vo. 6s. 


THOMSON’S CONSPECTUS 
ADAPTED TO THE SRITISH 
PHARMACOraIA, By EpDMUND 
Luovp Brrkxetr, M.D. &e. — Latest 
Edition, 18mo. 6s.‘ 
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THem. With a Map and 59 Iilustra- 
tions on Wood: from Sketches by the 
Authors, Crown 8vo. 6s. 


TREVELYAN. — Worxs sy THE 
Ricut Hon. G. O. TREVELYAM, 
M.P. 

Tue Lire AND LETrERS oF LoRD 
MacAuLay. By the Right Hon. G. O. 
TREVELYAN, M.P. 

LIBRARY EDITION, 2 vols. 8vo. 36s. 

CABINELr EDITION, 2 vols. crown 8vo. 
12s. 

POPULAR EDITION, I vol, crown 8vo. 
6s. 

Tue Earty History OF CHARLES 
James Fox. Library Edition, 8vo. 18s. 
Cabinet Edition, crown 8vo. 65. 


TWISS.— Worxs ay Srr TRAVERS 
TWISss. 

THE Ricurs Anp Duties oF Na- 
TIONS, considered as Independent Com. 
munities in Time of War. 8vo. 21s. 

On THE RicuTs AND Dutiés OF 
NATIONS IN TimMgz oF PEACE. 8vo. 
Iss, 


TYNDALL.—Worxs ay Jouw Trw- 


DALL, FERS. & 6. 


FRAGMENTS OF SCIENCE. 
crown 8vo. 16s. 


Heat A Move or Morion. Crown 
Svo. 125. 


SOUND. With 
Crown 8vo, 10s, 6d. 


ESSAYS ON THE FLOATING-MATTER 
OF THE AiR in relation to Putrefaction 
and Infection. With 24 Woodcuts. 
Crown 8vo. 7s. 6d. 


Lecrures on Licur, delivered in 
America in 1872 and 1873. With Por- 
trait, Plate, and Diagrams. Crown 8vo, 
75. 6d, 

LESSONS IN ELECTRICITY AT THE 
RovaL INSTITUTION, 1875-76. With 
58 Woodcuts. Crown 8vo, 2s. 67. 

Nores OF A Course or SEVEN 
LECTURES ON ELECTRICAL PHENO- 
MENA AND THEORIES, Gelivered at the 
Royal Institution. Crown 8vo. is. sewed 
1s. 6d, cloth. 

Nores oF A Cours& oF Nine Léc- 
TURES ON LIGHT, delivered at the Royal 
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